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Chapter1
1・1.ConjugatedPolymers
l〆1-1.Background
Whilemostorganicpolymersarecolorlessinsulators,asubsetofpolymerswithπ 一
conJ.ugatedbackbonecanabsorb/emitlightaswellasconductcharge.Theseπ一conJ●ugated
polymershavefbundenormouspotentialasactivematerialsinmanyoptoelectronic
devices.lTheircommercialimpactisexpectedtobesignificant,asithasbeenestimatedthat
theconductivepolymersmarketwillreachl.6billiondollarsintheUSby2017.2This
growthcanlargelybetracedbacktotheNobelPrize-winningdiscoverybyShirakawa,
MacDiarmid,andHeegerthatthesimplestconjugatedpolymer,poly(acetylene),is
conductiveintheoxidizedstate.3・4
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Conj●ugatedpolymersarenovelmaterialsthatpossessnotonlytheoptoelectronic
propertiesofsemiconductors,butalsothemechanicalpropertiesandtheprocessing
advantagesofconventionalpolymers.Theirconductivitycanbechangedbyseveralorders
ofmagnitudefromasemiconductingstatetoametallicstatebydoping,fbrexample,by
partialoxidation(p-doping)ofthepolymerchainwithelectronacceptorsorbypartial
reduction(n-doping)withelectrondonorsusingchemicaland/orelectrochemical
6,7processes
・
π一Conjugatedpolymercombiningmechanicalflexibility,andeaseinband-gap/color-
tuningviastructuralcontrol,alongwiththepotentialfbrlow-costscalabilityandprocessing,
fbundwidespreadapplicationinthinfilmtransistors(OTFTs),8・9photovoltaiccells,lo・ll
radiofrequencyidentification(RFID)tags,sensors,12memories,13・14andlightemitting
diodes(OLEDs).15
NowastagehasbeenreachedwherethequantumefficienciesofOLEDsoutperform
thoseofinorganicLEDs,16・17thehighestchargemobilitiesobtainedfbrpolymersreach8.5
cm2/(Vs),18・19andOPVsnowhaveapowerconversionef且ciency(PCE)of7.6-7.7%
(singlecell)andlO.6%(tandemcells),whicharederivedfromalow-band-gappolymer
bearingBDTTorDTPasdonorunits.20-25Theadvancesmadeinorganicelectronicshave
beendrivenbythesynthesesofπ一conJ●ugatedmoleculeswithincreasinglycomplex
structures.
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1・1・2.ConventionalSyntheticRoutesforπ・ConjugatedPolymers
Fordecadesthesyntheticroutestosolubleπ一corU.ugatedpolymersweredominatedby(1)
condensationunderhightemperature(viaquinodimethaneintermediate),26(2)Gilch
polymerization,27(3)Horner-Wittig-Emmons(HWE)polymerization,28(Schemel),and
(4)transition-metal-catalyzedstep-growthpolymerizations29-32(Scheme2).Insomecases,
littlecontrolcouldbeexertedovertheresultingpolymersequence.Gilchroutesuffersfrom
thegenerationofpolymershavingsaturateddefectsalongthechainbackbone
(predominantlytolane-(1)condensationunderHighTemperature加ツαc〃o
samples。fPPV).33The(2)G"chPo'yme「'zat'on
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Scheme2.Transition-metal-catalyzedpolymerization
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1・1・3.OlefinMetathesisPolymerization
Ole丘nmetathesisisametal-catalyzedtransformation,whichactsoncarbon-carbon
doublebondsandrearrangesthemviacleavageandreassembly.34-38Whilethereactionitself
wasdiscoveredinthemid-1950s,itsnowgenerallyacceptedmechanismwasnotproposed
untill971.39Accordingtothismechanism,firstintroducedbyChauvin,thecoordinationof
anolefintoametalcarbenecatalyticspeciesleadstothereversibleformationofa
metallacyclobutane(Scheme3).Thisintermediatethenproceedsbycycloreversionvia
eitherofthetwopossiblepaths:(1)non-productive-resultinginthere-formationofthe
startingmaterialsor(2)product-forming-yieldinganolefinthathasexchangedacarbon
withthecatalyst'salkylidene.
OlefinMetathesisReaction
R1
」 ＼
R1
十
R2
」 ＼
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cat.一 R1一 』 、
R2
TheReactionProceedsviaMetal-Carbene
andMetallacycleIntermediates.
M=CHR1+R2CHニCHR3
M-LCHR1
〒 藍R3Hと 一とHR2
≠M=CHR3+RICH=CHR2
cis-ortrans一
Scheme3.Generalmechanismofolefinmetathesis.39
Fortunatelytheolefinmetathesisreaction'sthermodynamicequilibriumcanbeeasily
influencedtoshiftinfavoroftheproducts,(1)bycontinuouslyremovingoneoftheproducts
(volatileethylenegasby-product)fromthereactionsysteminthecaseofcrossmetathesis
(CM)40reactionsinvolvingterminalolefins,ring-closingmetathesis(RCM),41・42andacyclic
dienemetathesispolymerization(ADMET),43-47and(2)bycapitalizingonthering
strainofcyclicolefinssuchascyclooctenesandnorbomenes:theenergy
releasedduringthering-openingofthesecompoundsissufficienttodrive
forwardreactionssuchasring-openingcrossmetathesis(ROCM)48・49・36andring-opening
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metathesispolymerization(ROMP)35・47・50・51(Figure2).
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Figure2.Modesofmetathesis
Olefinmetathesisisaversatilereactionthatisbecominganincreasinglyimportanttool
inthesynthesisofsmallmolecules,preparationofnaturalproducts,andconstructionof
polymers.Furthermore,recentadvancesinthedevelopmentofveryactive,yetstable
catalystsnowallowthefacilepreparationofvariousfunctionalizedpolyalkenes,34
alternatingblock-copolymers,52andeventelechelic53polymers.
1・1・3・1.AcyclicDieneMetathesis(ADMET)Polymerization
Traditionally,acyclicdienemetathesis(ADMET)isconsideredtobeapolycondensation-
type54polymerizationreaction,whichmakesstrictlylinearchainsfromunconjugated
dienes.4347SinceADMETrequiresveryhighmonomerconversionratestoproducepolymer
chainsofconsiderable
size,therefbre,the
creationofhighly
sophisticatedcatalysts
byGrUbbS,55SChrOCk,56
Hoveyda,57andothers
hasenabledthislevelof
〔 〔
ClんICy3A「;P..yN-A「A「刷YN-A「
Ru=CHPhRu=CHPhRu=CH
l哉ll哉1譜 も
123
Cyニcyclohexyl,Arニ2,4,6-Me3C6H2
Chart1.CatalystsfbrADMET
(;
魍◎
H3CCH3
4
(;
曜 《)
H3CCH3
5
6
Chapter1
success.Themoreactive2"dgenerationcatalystssuchas2and3(Chartl)areusuallybetter
suitedfbrADMETthanbisphosphineones.45
Sincethelossofethyleneisthemaindrivingfbrcebehindthecrossmetathesisof
termina14001efins,theconstantremovalofthisvolatilegasfromthereactionvesselisvery
crucialtoproduceahighmolecularweightpolymerinanyADMETreaction(Schme4).
Molecularweightsare
typicalofthatfbranystep
polymerization,withMn
valuesrangingupto50,000
underpropercondition.An
importantadvantageof
ADMETisthatitallowsa
largevarietyofmonomers
tobepolymerizedsince
terminalOlefinsareqUite
easytoinstall.Many
functionalgroupsand
moietiesofinterestcanbe
incorporatedintosuch
polymersdirectlythrough
monomerdesign,duetothe
excellenttoleranceof
rutheniumcatalysts.
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1・2.MacrocyclicOligothiophenes
CorU●ugatedmacrocycleshaveinfiniteπ一corU●ugationswithalargeinnercavity,andthus
theseπ一systemshaveattractedconsiderableattentionowingtotheirunusualopticaland
magneticpropertiesbasedontheireffectivecyclicconj.ugation.58・59However,onlyalimited
numberofnanoscalecorり.ugatedmacrocycleshavebeenreportedsofar,presumablyowing
totheirlimitedsyntheticpossibility.Generally,repeatedandthustedioussynthetic
proceduresarenecessarytosynthesizecyclicstru.ctures,whichoftenhamperthe
experimentalstudyofsuchmaterials.Inthisregard,moleculardesignandsynthesisarekey
issuesinestablishingthepropertiesofcor巾gatednanosizedmacrocycles.McMurry
couplingreactionwasfbundtobeaversatiletoolfbrtheconstru.ctionofcorU'ugated
macrocyclicoligothiophenes.60
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Scheme5.Macrocyclicoligothiophenes:5a-dwith[5n+5]thiopheneunits,6a-dwith
[6n+6]thiopheneunits,and7a,bwith[2n+8]thiopheneunits.60e
Fullyconj'ugatedπ一 xpandedmacrocyclicoligothiophenes(Schme5)exhibitared-shift
ofthelongestabsorptionmaximauponincreasingringsizeowingtocyclicconjugation
throughtherings.Themacrocyclescanbeeasilyoxidizedtoshowreversibleredox
potentialsbyCVanalysis,andthedopingwithiodinevaporformssemiconductors.60e
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Furthermore,π一expandedoligothiophenescanbeexpectedtoformself-assembled
nanostructuressuchasnanowires,andnanoparticles.60Largemacrocycleswithlongalkyl
chainsusuallyformanamorphoussolidorliquidcrystalsdifferent丘omwell一 ㎞own
macrocyclicoligophenyleneswhichleadtotheformationofcrystalstructureswithz-z
stackinginteraction.Thus,reducingthedimensionalityofmacrocycleshavingnon-H-
bondinginteractionsfromthe3DcrystalstructureintothelDcolumnarstmctureleadsto
theformationofinterestingself-assemblingnanostructures.Theπ一expandedoligothiophene
macrocyclescomposedofthiophene,ethyleneandacetylenebuildingblocksdifferfrom
macrocyclicoligoheteroarenes,suchasmacrocyclicoligothiophenesandoligo-pyrrolesin
thattheseoligothiophenemacrocyclescanflexiblyformself-assemblingnanostructures.60e
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1・3.BlockCopolymers
l/3/1.IntroductionandScope
Blockcopolymersarecomposedoftwoormorechemicallydistinctpolymerchains
linkedtogetheratoneormorejunctionpointsthroughcovalentornoncovalentbonds61
(Figure3).
ABABAAnBm
DibIock
嚇
Triblock
一
Multiblock
ABC轍
HeteroarmstarYstructureMiktoarmstar
Figure3.Someexamplesofwell-stu.diedblockcopolymerarchitectures62a
Asaconsequenceoftheinherentimmiscibilityofdifferentpolymersegments,block
copolymersundergomicrophaseseparationinthebulkphaseandinthinfnms.Thisresults
indifferentmorphologieswithdomainsizesofabout10-100nm(Figure4)62a.Mostofthe
desirablepropertiesofblockcopolymersoriginatefromtheirabilitytoformwell-defined
nanostructureswithdifferentmorphologiesoftunableperiodicityorsize,andthisprovides
theprimarydrivingfbrcefbrtheintensiveinterestinthisfield.62b
(a) (b) (c)
Figure4.TEMmicrographof(a)amodelsymmetricdiblock,(b)apolydispersethree-a㎜
starcopolymer,and(c)ABCtriblockcopolymers.62a
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Thescopeofpossibleapplicationsfbrblockcopolymersisrapidlyexpanding,with
multidisciplinarycontributionsinvolvingthefieldsofchemistry,physics,materialsscience,
aswellasthebiologicalandmedicalsciences.
1・3・2.SyntheUcAdvances
Thefieldofsyntheticblockcopolymershasitsoriginsinthediscoveryoflivinganionic
polymerizationmethodsinthe1950s.63Well-definedblockcopolymerscanbesynthesized
byawiderangeofdifferentmethods(Figure5)including(1)ionic(cationic,64anionic,63
grouptransfer),65(2)radical(atom-transferradicalpolymerization(ATRP),66(3)reversible
additionfragmentationtransfer(RAFT),67(4)nitroxide-mediatedpolymerization(NMP),68
(5)chaingrowthpolycondensation,69and(6)metal-catalyzedolefinmetathesis,70and
(7)ring-openingmetathesispolymerization(ROMP)71techniques.Additionally,
supramolecularinteractionssuchasmetal-ligandcoordinationandhydrogenbondingcan
alsobeusedtoprepareblockcopolymers.72
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Figure5.Someexamplesofsynthesisofblockcopolymers(a)bycombinationofAtom
TransferRadicalPolymerization(ATRP)andvisiblelight-inducedfreeradicalpromoted
cationicpolymerization,73(b)byReversibleAdditionFragmentationTransfer
polymerization(RAFT).74
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1・3・3.ApPlicationsofBlockCopolymersBulkMaterialsandThinF且ms
Inthesolidstate,blockcopolymerscanmicrophaseseparatetoformwell-definedself-
assembledstructuresofpredictablesize.75Thenatureofthemorphologyisdependenton
manyfactors,includingthearchitectureoftheblockcopolymer(e.g.diblock,triblock,
miktoarmstar,etc.),thedegreeofpolymerizationofeachblock,interactionsbetweenblocks,
andtheinteractionsofeachblockwiththeenvironment,aswellassampleprocessing.Inthe
simplestsituationofanABdiblock
(a)
copolymer,theknownthermodynamically
stablesolid-statemorphologiesinclude
spherical,cylindrical,gyroid,andlamellar
structUres(Figure6).75cWhenmultiblock
copolymersandbranchedblock
copolymersareconsidered,alargenumber
ofcomplexmorphologiesbecomes
possible.75aThedevelopmentofnewblock
copolymerarchitecturesfbrtherealization
ofnovelbulkmorphologiesremainsa
highlyactiveareaofresearch.
(b)
(c)
sphetes
孟 ▲
c一艸r畑 ち 噛me'のe
A
Cyt`rsOets
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Figure6.Diblockcopolymermorphologies75c
Thematerialpropertiesofblock
copolymersarederivedfromthephysical
characteristicsoftheconstitUent
homopolymerblocks.Thisprovides
researcherswiththeabilityto``dial-in"
selectedpropertiesbyvaryingtheblock
lengthsandratios.76Theemerging
applicationsofblockcopolymersinthe
bulkphaseinclude(1)templates,
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Figure7.Applicationsofblockcopolymers62b
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(2)membranes,(3)bulkcompositematerials,(4)photonicmaterials(5)solarcellsandlight
emission,(6)blendcompatibilizers,(7)ceramicprecursors,(8)holography,(9)thinfilm
nanolithographyandpatterningetc.(Figure7).62b
1/3・3/1.BlockCopolymersforOrganicOptoelectronics
Blockcopolymersfbrorganicoptoelectronicsmustcontainatleasttwodistinctelectronic
fUnctionalitiesinthechain.ForOLEDs,polymersgenerallymustcontainatleastelectron
andholetransporting(andoccasionallyemitting)functionalities,whileblockcopolymers
fbrphotovoltaicscharacteristicallycontainbothelectrondonatingandaccepting
fUnctionalities.Thesesemiconductingpropertiesinpolymerscanbederivedeitherby
conjugationofthepolymericbackbone,770rbyattachingsemiconductingmoleculespendant
tothebackbone.
Blockcoρ01ymerself-assemわ'ymayわeσsedfo
Createρaffem'η9f()rOわargeSeρara〃0η,
recomわ'ηa〃0η,aηdtransportoη 酌e
characte〃'sオ10プ0ηmleηg酌scaleofexciton
d胤1S'0η
acceptor
Figure8.Idealblockco-polymerinpolymersolarcell.78
Overthepastseveralyears,therehavebeensignificantdevelopmentsbothinthe
synthesisofblockcopolymersfbrorganicelectronicsandintheunderstandingofhow
conjugationandelectricalfunctionalityaffectself-assembly.Theprincipaladvantage
inherenttoorganicelectronics(inadditiontomuchdiscussedprocessabilityandcost)isan
abilitytotunetheopticalbandgapaswellastheelectronicenergylevelsviasynthetic
chemistry.Similarly,theadvantageofblockcopolymersliesinaninherentcontrolover
13
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nanostructurewhichisbasedonchemicalstructure(lengthofchain,blockfraction,etc.).
Combiningelectronicfunctionalitywithcontrolovermorphologyonalengthscalerelevant
fbrchargeseparation,recombination,andtransportmakesthesesemiconductingblock
copolymerspromisingcandidatesfbrhigh-performanceoptoelectronicdevices.78
Thefactthatblockcopolymerphotovoltaicsarepromisingwhencomparedtoanalogous
blendsbutuniversallyreportingefflcienciesarefarlessthanthoseofthebestbulk
heteroj.unctioncellsindicatesthatthereremainsalongwaytogoinrealizingthispotential.
Therearesignificantgapsinourabilitytomakeuseoftheblockcopolymerstrategyin
nanostructuredorganicelectronics,rangingfromfUndamentalunderstandingofselfL
assemblyandpattemcontroltochemicalsynthesis.Eventhough,manystrategieshavebeen
suggestedfbrboththesynthesisofblockcopolymerscontainingmultipleelectronically
interestingcomponentsandcontrolovertheirselfLassembly,79thecompatibilityofthe
synthesesofthesetypesofpolymerswithblockcopolymerroutes(whichmustyieldwell-
definedblocks)presentsachallenge.
14
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1・4.ContributionofOurResearchGroup
Ourresearchgrouprecentlyreportedprecisesynthesesofdefect-free,stereo-regular(all-
trans),highmolecularweightpoly(9,9-dialkylfluorene-2,7-vinylene)s(PFVs),poly(2,5-
dialkylphenylene-1,4-vinylene)s(PPVs)byacyclicdienemetathesis(ADMET)
polymerizationof9,9-dialkyl-2,7-divinyl-fluorene.80-84Sincetheresultantpolymers
preparedbyRu-carbenecatalystpossessedwell-definedpolymerchainends(asvinyl
group),80b・81・83afacile,exclusiveend-functionalizationcanbeachievedbytreatingthevinyl
groupswithMo-alkylidene(Mocat.)fbllowedbyWittig-typecleavagewithaldehyde.81・85・86
ThusprecisesynthesesofABAorABCBAtypeamphiphilictriblockcopolymers,81a・candof
PFVscontainingoligo(thiophene)sinthebothchainendswhichexhibitinguniqueemission
propertiesbyanenergytransfer,81bhavebeendemonstrated(Scheme6).
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Scheme6.Variousend-functionalizedwell-definedpolymersbyolefinmetathesisand
Wittig-typecoupling.
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Veryrecently,ef丘cientsynthesesofPFVscontainingchromophoresatbothchainends
andmodificationofemissionpropertiesbyintroductionofthechromophores(endgroup
fUnctionality)aswellasbythePFVchainlength(cor巾gationrepeatunits)havealsobeen
demonstrated(Figure9).87These
、 ＼ ∠ ノ
well-definedpolymerscouldbeグ 、 ＼
apPliedashighlyefficientfluorescent
polymers,especiallythecopolymer
PFV-(F-BODIPY)2,exhibitedwhite-
lightemissionwithhighquantum
efficiency(89%).
晒
Figure9
Anothernoteworthycontributionistheprecise,exclusivesynthesisofoligo(2,5-
dialkoxo-1,4-phenylenevinylene)s[OPV,alkoxo=0(CH2)20Si'Pr3]withstrictlycontrolled
bothrepeatingunits(uptol5repeatingunits)andwell-definedendfUnctionalgroups
(FigurelO),ef臼cientlyachievedbyadoptinganolefinmetathesisreactionof2,5-dialkoxo-
1,4-divinylbenzeneortheoligomerderivativeswithmolybdenum-alkylidenecomplexand
thesubsequentWittig-typecleavagewiththeirdicarboxaldehydeanalogues.88
OPV-CHO(n=1,5,13)
Rニ ーCH2CH20SiiPr3
㊥ ＼
昏 く}
C6H5
肋 ψ"callypureend一
ノiZnet'ona〃影40〃go〃ters
FigurelO
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1!5.PurposeonThisWork
Inthisthesis,precisesynthesisofcorU.ugatedoligomer/polymersbytransitionmetal
catalyzedcarbon-carbonbondformationusing"one-pot"approach,especially(i)synthesis
ofmacrocyclicoligothiophenebyusingmodifiedMcMunycoupling,(ii)precisesynthesis
oflinearblockcopolymersbycombinedolefinmetathesisandWittig-typecoupling,and(iii)
synthesisofstarshapepolymerscontainingwell-definedendgroupshasbeenexplored.
Inchapter2,toinvestigatetherelationshipbetweenphotophysicalpropertiesandring
size,togetherwithmoq)hologiesandsolidstateproperties,macrocyclicoligothiophene4n-
mershavebeensynthesizedbyusingmodifiedMcMurrycouplingofoligothiophene4-mer
dialdehydeinone-potreaction.
Inchapter3and4,themaino切ectivesofthisthesis,synthesesofvariousend-
fUnctionalized,well-defined,fUllycor巾gatedlinearandstarblockcopolymersinone-potin
aprecisemannerbasedonthechemistryofolefinmetathesis,havebeenexplored.The
effectsofconjugationrepeatunits,middleblocksegment,andtheendgroupstowardboth
theintensityandthephotoluminescencequantumyield(φpL)wereexpectedtobepromising
fbrapPlicationinoptoelectronicdevices.
Throughthisstu.dy,theimportanceofsyntheticmethodologyfbrtheconstnlctionofwell-
definedcorU●ugatedmaterialsusingone-potapproachinaprecisemannerhasbeenexplored.
Alsotherelationshipbetweenstru.ctureespeciallyend-groupsandthedesiredbasic
propertieshasbeeninvestigated.
Theexemplaryresultsdemonstratedthroughthisthesisshouldbroadenthescopeof
ole丘nmetathesisandWittigtypecouplinginpolymersynthesis,andwillserveasvaluable
guidelinefbrthesynthesisofcorU'ugatedpolymerswithmorecomplexmicrostmctures.
17
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Abstract
Macrocyclicoligothiopheneswithvariousringsizeswerepreparedbyusingmodified
McMurrycouplingoflinearoligothiophene4-merdialdehydeinthepresenceofTiCl4
adoptingone-potmacrocyclizationprocess.Thetrans-transandcis-cis8mersshowed
uniquephotochromism:thetrans-trans8merwasisomerizedtothecis-cis8merby
irradiationofvisiblelight,andthecis-cis8merwasisomerizedtothetrans-trans8mer,
eitheronirradiationofUVlightorbycrystallizationofthecisisomerinbenzene.The
macrocyclic8meralsoshoweduniquemorphologiesdependingonthenatureofsolvent
systems,suchas,singlecrystalfrombenzene,nanorodsinbenzeneandhexane,andtubes
inbenzeneanddiisopropylether.
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Abstract
Aprecise,one-potsynthesisofend-fUnctionalizedblockcopolymersconsistingof
defect-free,highlystereoregular,poly(9,9-di-n-octylfluorene-2,7-vinylene)s(PFVs)and
oligo(2,5-dialkoxy-1,4-phenylenevinylene)orterthiopheneunitsasthemiddlesegment
havebeenpreparedbyolefinmetathesisofthevinylgroupinthePFVchainends
fbllowedbysubsequentWittig-typecoupling.Formationoftheblockcopolymersand
theef行ciencyintheend-fUnctionalizationcanbecon且㎜edbysynthesisofamphiphilic
blockcopolymerscontainingPoly(ethyleneglycol)atthebothpolyrnerchainends.
EffectofPFVcor巾gationlength,middlesegmentandtheendgroupstowardthe
emissionpropertieshavebeenstu.died:thepolymerscontainingferrocenemoietyatthe
chainendsdisplayeduniqueemissiorゾquenchingproperties.
　む
・,,AU.。
、 。＼鵜
OHC-(=)-CHO
㊥CH・(excess)一
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3-1.Introduction
Conjugatedpolymersrepresentanimportantclassofcompoundsinorganic
electronics,andhaveattractedmuchinterestasaresultoftheirapplicationsin
optoelectronicandelectrochemicaldevices,1-5suchasphotovoltaiccells,3blight-emitting
diodes,5c・6sensors,5d・7electrochromics,8andfield-effecttransistors.5a・b・9Toachieve
optimaldeviceperformance,ithasbeencrucialtodevelopnoveloptoelectronicmaterials
withdifferentelectronicfunctionalities,becausedeviceperfbrmancesareaffectedby
polymerstru.ctu.ralregularity,chemicalpurity,andsupramolecularorder.2・3Emerging
applicationsofconjugatedpolymersrequirethepatterningofmaterialsonthenmlength
scale,andblockcopolymerslo-12madeofcovalentlylinkedpolymersrepresentanideal
routetocontroltheself-assemblyofthesenano-sizedmorphologies,andaprecisecontrol
oftheblocklengthsviasynthesisshallopenthewaytofine-tuningthelateraldimensions
ofthesenano-structures.
Moreover,end-groupmodificationofconj'ugatedpolymershasalsobeenconsidered
asanattractivetopicofinvestigation,13-17becauseoftheimportantpropertiesthathave
beendemonstratedfbrend-functionalconjugatedpolymers,andthesignificanteffect
end-groupscanhaveonelectronicproperties.
However,whileasignificantamountofworkhasbeendevotedtothegenerationof
nanoscalemorphologiesfromblockcopolymers,thevastmajorityofstudieshave
involvedoneormoreoftheblocksbeingusedonrandomcopolymersorrandom
copolymerswithconJ'ugatedunitsattachedassidechains.12Therefbre,morerelevant
systemswouldbeenvisagedbasedonfUllyconjugatedblockcopolymersfroman
applicationandascientificpointofview.13・14
Ourgrouprecentlydemonstratedsynthesesofdefect-free,stereo-regular(all-trans),
highmolecularweightpoly(9,9-dialkylfluorene-2,7-vinylene)s(PFVs)byacyclicdiene
metathesis(ADMET)polymerizationof9,9-dialkyl-2,7-divinyl-fluorene.18-22Sincethe
resultantpolymerspreparedbyRu-carbenecatalystpossessedwell-definedpolymer
chainends(asvinylgroup),18b・19・21afacile,exclusiveend-fUnctionalizationcanbe
achievedbytreatingthevinylgroupswithMo-alkylidene(Mocat.)fbllowedbyWittig-
typecleavagewithaldehyde(Schemel).19・23・24PrecisesynthesesofABAorABCBA
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typeamphiphilictriblockcopolymers,19a・candofPFVscontainingoligo(thiophene)sin
thebothchainendsexhibitinguniqueemissionpropertiesbyanenergytransferigbhave
alsobeendemonstrated.
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Schemel.Establishedstrategyfbrthesynthesisofwell-definedpolymersbyolefin
metathesisandWittig-typecoupling.19・24
3・2.AimofThisSuldy
Onthebasisofthesereportedresultsl8・19・21・24andanimportanceofsynthesisofend-
functionalizedfUllyconjugatedblockcopolymers,13-17inthischapter,afacile,one-pot
synthesisofend-fUnctionalizedcor巾gatedmulti-blockcopolymersconsistingofdefect一
倉ee,highlystereoregular,poly(9,9-di-n-octylfluorene-2,7-vinylene)s(PFVs)and
oligo(2,5-dialkoxy-1,4-phenylenevinylene)orterthiopheneunitsasthemiddlesegment
hasbeenexploredbyadoptingacombinedolefinmetathesiswiththevinylgroupsinthe
PFVchainendsandWittig-typecoupling.25Thisstrategyshouldbehighlypromisingas
thisallowsustointegrateoptoelectronicfUnctionalitiesinthepolymerbackboneina
precisemanner,andassuch,uniqueopticalpropertiescanbeenvisioned倉omthe
influenceofbothluminescentconjugatedsegmentandappropriateendfunctionalgroups.
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3・3.Experimental
GeneralProcedure.Allexperimentswerecarriedoutunderanitrogenatmosphere
inavacuumatmospheresdryboxorusingstandardSchlenktechniqueunlessotherwise
noted.Allchemicalsusedwereofreagentgradesandwerepurifiedbythestandard
purificationprocedures.Anhydrousgradetoluene(KantoKagakuChemicalCo.,Inc.)
wastransferredintoabottlecontainingmolecularsieves(mixtureof3Al/16,4Al/8and
l3Xl/16)inthedrybox,andwasstoredoversodium/potassiumalloy,andwasthen
passedthroughanaluminashortcolumnundernitrogenflowpriortouse.Anhydrous
gradetetrahydrofuran(THF),dimethylformamide(DMF),dichloromethane(Kanto
KagakuChemicalCo.,Inc.)werealsotransferredintoabottlecontainingmolecular
sievesinthedrybox.Mo(CHCMe2Ph)(N-2,6-Me2C6H3)[OCMe(CF3)2]2(Mo)26was
preparedaccordingtotheliterature,andRuCl2(PCy3)一(IMesH2)(CHPh)[Ru,Cy=
cyclohexyl,IMesH2=1,3-bis(2,4,6-trimethylphenyl)imidazolin-2-ylidene](Strem
Chemicals,Inc.)wasusedinthedryboxasreceived.Polymerizationgradeof2,7-divinyl-
9,9-di-n-octhylfluorenewaspreparedaccordingtothepreviousreport.182,2':5',2"-
Terthiophene-5-carboxaldehydeandpentafluorobenzaldehyde,andferrocene
carboxaaldehydewerealsousedinthedryboxasreceived(Sigma-AldrichCo.)without
fUrtherpurification.4-Me3SiO-C6H4CHOwasalsopreparedaccordingtoapublished
method.24a3PV・CHO[tris(2,5-dialkoxy-1,4-phenylenevinylene)withCHOasthechain
ends:alkoxo=OCH2CH20SiiPr3]and7PV・CHO[7merof(2,5-dialkoxy-1,4-phenylene
vinylene)withCHOasthechainends]werepreparedaccordingtothereported
procedure.27
AlliHandi3CNMRspectrawererecordedonaBrukerAV500spectrometer(500.13
MHzfbrlH,125.77MHzfbrl3C)andallchemicalshiftsaregiveninppmandare
referencedtoSiMe40rresidualsolventproton.Obviousmultiplicitiesandroutine
couplingconstantsareusuallynotlisted,andallspectrawereobtainedinthesolvent
indicatedat250Cunlessotherwisenoted.Molecularweightsandthemolecularweight
distributionsoftheresultantpolymersweremeasuredbygel-permeation
chromatography(GPC).HPLCgradeTHFwasusedfbrGPCandwasdegassedpriorto
use.GPCwereperformedat40。ConaShimadzuSCL-10AusingaRID-10Adetector
(ShimadzuCo.Ltd.)inTHF(containingO.03wt%of2,6-di-tert-butyl=ρ一cresol,flow
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ratel.OmL/min).GPCcolumns(ShimPACGPC-806,804and802,30cm×8.Omm
diameter,sphericalporousgelmadeofstyrene/divinylbenzenecopolymer,rangingfrom
<102to2×107MW)werecalibratedversuspolystyrenestandardsamples.UV-vis
spectrafbrtheresultantpolymersweremeasuredbyusingaJascoV-550UV/vis
spectrophotometer(conc.1.0×10'7MinTHFat250C),andthefluorescencespectrawere
measuredbyHitachiF-4500fluorescencespectrophotometer(underabsorbanceO.lin
THFat250C)withexcitationwavelengthat450nm,andthefluorescencequantum
yieldsweremeasuredbyHamamatsuphotonicsC9920-02G(ex.underabsorbanceatO.l
inTHFat250C)withexcitationwavelengthat450nm.Preparativegel-permeation
chromatography(GPC)wasperformedonaYMCLC-Forte/R(YMCgroup)usingUV
detectorintoluenewithflowrate10.OmL/min,equippedwithYMC-GPCT4000and
YMC-GPCT30000columns,rangingfrom4×103to30×103MW.
Synthesisof3T(CHO)2.IntoasealedSchlenk-typetubecontaining5,5"-Dibromo-
2,2':5',2"-terthiophene(250mg,0.62mmol)andTHF(10mL)wasaddedn-BuLi(1.64
M刀 一hexanesolution,2.05mmol,3.33equiv,1.33mL)at-780Cdropwisely.Themixture
waswarmedgraduallytoroomtempera加reandwasstirredfbrl5h.Thereaction
mixturewasthencooledto-780C,andwasthenaddeddryDMF(0.18mL,2.38mmol,
3.87equiv)dropwisely.Thesolutionwasstirredat-780Cfbr2handthenatroom
temperatu.refbr4h.ThereactionmixturewasthencooledatOoCandwasaddedaq.
NH4Clsolution.Thesolutionwasstirredfbr30minutes.Afterthereaction,theorganic
layerwasextractedwithchloroformwashingwithaq.NH4Clsolutionandwasdriedover
anhydrousMgSO4.Thesolventwasremovedbyevaporationandtheresiduewas
chromatographedonsilicagelusingchlorofbrmaseluentaffbrdingyellow-orange
powdera丘errecrystallization.Yield56mg(30.0%).lHNMR(CDCl3at250C):δ9.90
(s,2H),7.71(d,2H),7.33(s,2H),7.31(d,2H)ppm.13CNMR(CDCI3at250C):δ
182.17,145.51,142.18,137.00,136.90,126.82,124.58ppm.
PolymerizationProcedure(StartingPolymerSamplePreparation):Synthesisof
poly(9,9'di'n'octyl刊uorene'2,7'vinylene)(PFV)byRuCl2(PCy3)(IMesH2)(CHPh).
Thepolymerizationprocedureemployedwasanalogoustothosereported
previously.18b・19a・dToluene(1.OmL),2,7-divinyl-9,9-di-n-octylfluorene(150mg,339
μmol),andRuCl2(PCy3)(IMesH2)(CHPh)(Ru,8.5μmol)werechargedintoasealed
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Schlenk-typetubeequippedwithKonteshigh-vacuumvalvesinthedrybox.Thetube
wasthenplacedintoaliquidnitrogenbathandwasthenconnectedtothevacuumline
f()rawhile.Thetubewasthenplacedintoanoilbathpreheatedat500Cunderareduced
pressure,andthemixtu.rewasstirredfbrl-5h.Duringthereaction,themixtu.rewas
placedintoaliquidnitrogenbathwithacertainperiod(everylOminattheinitiallh,
thenevery30minfbrlh,andtheneverylh)toremoveethyleneby-producedfromthe
reactionmediumbyopeningthevalveconnectedtothevacuumlineandthenplacedinto
theoilbathtocontinuethereaction.Thepolymerizationwasquenchedbyaddingethyl
vinyletherinexcessamount.Thereactionmixtu.rewasthenstirredfbrlhfbr
completion.Theresultantsolutionwaspouredintocoldmethanol(ca.50mL)and
precipitatedfbrlOminat5000rpm.TheyellowpolymerwascollectedwithO.45μm
membranefilterandwasthendriedinvacuo.Yield96%.lHNMR(CDCI3):δ7.72(d,
2H,JF=7.9Hz),7.54(br,4H),7.29(br,2H,trans-CH=CH-),6.81(dd),5.81(d),5.26(d),
2.05(br,4H),1.17-1.08(br,20H),0.87(t,」=7.OHz,6H),0.68(br,4H).Theselected
datafbrsamplesofPFVspreparedbyvaryingthereactiontimeareshowninTablel.
Tablel.Preparationofpoly(9,9-di-n-octyl-fluorene-2,7-vinylene)(PFVs)byAcyclic
DieneMetathesis(ADMET)Polymerizationof9,9'-di-n-octyl-2,7-divinylfluoreneby
RuCl2(CHPh)(H21Mes)(PCy3).a
entry reactiontime/h払 わ M./Mnb YieldC/%
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
6380
6100
6600
8300
8800
9300
11800
13300
26800
30700
1.99
1.88
1.82
1.99
1.80
1.88
1.87
1.89
1.60
1.69
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
℃onditions:monomer/cat.=40eq,180mMintolueneat50。C,underreducedpressure.
bGPCdatainTHFversuspolystyrenestandards
.
clsolatedyieldbyprecipitationastheMeOHinsolublefraction.
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FractionalSeparationofPFVsSamples.
(1)Sampleofルtn(Gpc)=7300[Mn(calcd。)=4560,-Mw/ルtn=1.86]wasusedasthemixture
ofsamples2,3and4(Tablel).
(2)Sampleof払(Gpc)=8080[払(calcd)=5050,Mw/払=1.79]waspreparedby
extractingamixtureofsamplesgandlO(Tablel)withn-hexane(n-hexanesoluble
portion,thusremovinghighmolecularweightsfromthesamplebyfiltration)according
tothereportedprocedure.19d
(3)Sampleofルtn(Gpc)=14000[払(calcd)=8750,-Mw/払=1.60]waspreparedby
pouringachloroformsolutionofmixtureofsamples5,6,7and8(Tablel)intoMeOH
atroomtemperature,extractingasMeOHinsolublehighmolecularweightfraction.
SynthesisofEnd-FunctionalizedConjugatedTriblockCopolymers.
Thefbllowingtwomethodsweretakenfbrsynthesisofblockcopolymers(Schemel).
MethodA.Intoastirredtoluene(8.OmL)solutioncontainingpoly(2,7-divinyl-9,9-
di-n-octylfluorene)[PFV,200mg,払(NMR)=8800,23μmol(fbrnlns6-9,and22-24)]
wasaddedatoluenesolution(3mL)containing(CHCMe2Ph)(N-2,6-
Me2C6H3)[OCMe(CF3)2]2[Mo,5equiv,81mg,ll4μmol]atroomtemperatureinthe
drybox.Thesolutionwasstirredfbr2h,andtoluenewasthenremoved加vacuo.The
unreactedMowasthenremovedbydissolving/washingwithcoldn-hexaneatleasttwice
(becauseMocatalystishighlysolublei肋一hexane).Theresultantpolymerwasdried加
vacuo,andwasdissolvedintoluene(ll.OmL).Intothestirredtoluenesolution
containingPFVconnectedMo(bis-atky1'伽の,thedichloromethane(1.OmL)solution
containingPrescribedamountofbis・aldehyde(7PVCHOor3T(CHO)2,1/2equivto
PFV,theamountwasweightedafterwashingwithn-hexaneanddried加vacuo)was
addeddropwise.Thesolutionwasstirredfbranadditionallhfbrcompletion.Tothe
reactionmixtu.rewasthenaddedtheprescribedaldehyde(Ar・CHOasend-fUnctional
group)inexcessamount(10equiv.tothePFV)andwasstirredfbranadditionallhfbr
completion.Theresultanttriblockcopolymerwasthenprecipitatedbypouringincold
methanolandafterstirringfbrtwohours.Theprecipitateswerethencollectedby
filtration.Theresultanttriblockcopolymerwasfurtherpurifiedbyfractional
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precipitation(CHCl3/methanol).Theresultantpolymerwasthendriedinvacuoaffording
theyellow-orangetriblockcopolymers.
MethodB.Intoastirredtoluenesolution(2.OmL)containingpoly(2,7-divinyl-9,9-
di-n-octylfluorene)[PFV,15mg,Mn(calcd.)=5050,2.97μmol(forrunslO-13,andl9)]
wasaddedatoluenesolution(1.OmL)containingMo(CHCMe2Ph)(N-2,6-
Me2C6H3)[OCMe(CF3)2]2[Mo,1.8equiv,3.8mg]atroomtemperature.Thesolution
wasstirredfbr2h.Intothestirredtoluenesolutionwasthenaddedcorrespondingl/2
equivofbis・aldehyde[3PVCHOor7PVCHOor3T(CHO)2]dissolvedin
dichloromethane(1.OmL),andwasstirredfbrlh.Afterthisprocedure,thereaction
mixturewasthenaddedatoluenesolution(1.OmL)containingMo(CHCMe2Ph)(N-2,6-
Me2C6H3)[OCMe(CF3)2]2(Mo,2.5equiv,5.3mg)atroomtemperature,andthereaction
mixturewasstirredfbrlhfbrcompletionofreactionwiththevinylgroup.Thereaction
mixturewasthentreatedbyadditionofaldehyde(Ar'CHOasend-functionalgroup)in
excessamount(10equiv.tothePFV),andthemixturewasstirredfbranadditionallh
f()rcompletion.Theresultanttriblockcopolymerwasthenprecipitatedbypouringin
coldmethanolandafterstirringfortwohours,andwasthencollectedbyfiltration.The
triblockcopolymerwasfUrtherpurifiedbyfractionalprecipitation(CHCl3/methanol),
andwasthencollectedbyfiltration.Theresultantpolymerwasthendriedinvacuo
affbrdingtheyellow-orangetriblockcopolymers
[(PFV)2'7PV1(C6H5)2.Yield:38.0%(runl,払(NMR):12700,methodA),75.0%(run
6,妬(cal、d):21300,methodA),73.0%(run10,仏(NMR):12100,methodB).lHNMR
(CDCI3at250C):δ7.71(d,Ar-H),7.55(br,Ar-H),7.30(br,かαη8-CH=CH-),4.23-
4.12(-OC坐C∠重OSi[CH(CH3)2]30f7PV),2.06(br),1.21(br),1.10(br),0.82(t),0.69
(br)ppm.
[(PFV)2・7PV1(C6F5)2.Yield:54.0%(nln2,払(NMR):12800,methodA),85.0%(run
7,払(cal、d):21500,methodA),80.0%(runll,払(NMR):12300,methodB).lHNMR
(CDCI3at250C):δ7.71(d,Ar-H),7.55(br,Ar-H),7.30(br,〃α〃3-CH=CH-),4.23-
4.12(-OC坐C∠重OSi[CH(CH3)2]30f7PV),2.06(br),1.21(br),1.10(br),0.82(t),0.69
(br)ppm.
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「(PFV)2・7PV](4・OSiMe3・C6H4)2.Yield:62.0%(run3,払(NMR):12800,methodA),
87.0%(run8,払(NMR):21700,methodA).lHNMR(CDCl3at250C):δ7.71(d,Ar-H),
7.55(br,Ar-H),7.30(br,trans-CH=CH-),4.23-4.12(-OC坐C∠重 Si[CH(CH3)2]30f
7PV),2.06(br),1.21(br),1.10(br),0.82(t),0.69(br),0.31(s,-OSiMe3)ppm.In
addition,smallresonancesascribedtoprotonsinthephenylchainendsatδ7.11(d),and
6.87(d)ppmwerealsoobserved.
「(PFV)2・7PV](3T)2.Yield:42.0%(nln4,払(NMR):13100,methodA),88.0%(nlnl2,
払(NMR):12500,methodB).IHNMR(CDCI3at250C):δ7.71(d,Ar-H),7.55(br,
Ar-H),7.30(br,〃α〃8-CH=CH-),4.23-4.12(-OC坐C坐OSi[CH(CH3)2]30f7PV),2.06
(br),1.21(br),1.10(br),0.82(t),0.69(br)ppm.Inaddition,smallresonancesascribed
toprotonsin3T(terthiophene)atδ7.05-7.00(m)ppmwereobserved.
[(PFV)2・7PV1(Fc)2.Yield:42.0%(nln5,払(NMR):12900,methodA),75.0%(runl3,
払(NMR):12300,methodB).lHNMR(CDCI3at25。C):δ7.71(d,Ar-H),7.57-7.54(m,
Ar-H),7.30(br,trans-CH=CH-),4.51(s,ferrocenyl-H),4.31(s,ferrocenyl-H),4.19(s,
飴rrocenyl-H),4.23-4.12(-OC堕C坐OSi[CH(CH3)2]30f7PV),2.06(br),1.24-1.09(m),
0.82(t),0.69(br)ppm.Inaddition,smallresonancesofprotonsascribedtoolefinic
protonsnexttoferrocenemoietiesatδ6.93(d),and6.81(d)ppmwerealsoobserved.
[(PFV)2・7PV1(bpy)2.Yield:53.0%(run9,払(、al、d):21500,methodA).lHNMR
(CDCI3at250C):δ7.71(d,Ar-H),7.57-7.55(m,Ar-H),7.30(br,〃α〃3-CH=CH-),
4.23-4.12(-OC坐C堕OSi[CH(CH3)2]30f7PV),2.06(br),1.24-1.09(m),0.82(t),0.69
(br)ppm.Inaddition,smallresonancesascribedtoprotonsinbpyatδ7.88(d),7.84(d),
and7.79(d)ppmwerealsoobserved.
[(PFV)2'3T1(C6H5)2.Yield:72.0%(run14,Mn(、al、d):9500,methodA),73.0%(run22,
Mn(calcd):17800,methodA).IHNMR(CDCI3at250C):δ7.71(d,Ar-H),7.55(br,
Ar-H),7.30(br,trans-CH=CH-),2.06(br),1.21(br),1.10(br),0.82(t),0.69(br)ppm.
Inaddition,smallresonancesascribedtoprotonsin3T(terthiophene)atδ7.05-7.00(m),
werealsoobserved.
[(PFV)2'3T1(C6F5)2.Yield:80.0%(runl6,methodA),89.0%(run24,methodA).
lHNMR(CDCI3at25。C):δ7 .71(d,Ar-H),7.57-7.54(m,Ar-H),7.30(br,trans
-CH=CH-),2.06(br),1.24-1.09(m),0.82(t),0.69(br)ppm.Inaddition,small
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resonancesascribedtoprotonsin3T(terthiophene)atδ7.05-7.00(m),werealso
observed.
[(PFV)2'3T1(4'OSiMe3'C6H4)2.Yield:64.0%(runl5,Mn(NMR):9400,methodA),
78.0%(run23,Mn(NMR):18200,methodA).lHNMR(CDCI3at25。C):δ7.71(d,
Ar-H),7.57-7.54(m,Ar-H),7.30(br,trans-CH=CH-),2.06(br),1.24-1.09(m),0.82
(t),0.69(br),0.31(s,-OSiMe3)ppm.Ihaddition,resonancesatδ7.ll(d),and6.87(d)
ppm,andsmallresonancesascribedtoprotonsin3T(terthiophene)atδ7.05-7.00(m),
werealsoobserved.
[(PFV)2・3T1(3T)2.Yield:32.0%(nlnl7,methodA),70.0%(runl9,methodB).lH
NMR(CDCI3at25。C):δ7.71(d,Ar-H),7.55(br,Ar-H),7.30(br,trans-CH=CH-),
2.06(br),1.21(br),1.10(br),0.82(t),0.69(br)ppm.Inaddition,resonancesascribedto
protonsin3T(terthiophene)atδ7.05-7.00(m)ppmwerealsoobserved.
[(PFV)2'3T1(Fc)2.Yield:60.0%(runl8,仏(NMR):9400,methodA),82.0%(run25,
払(NMR):18300,methodB).lHNMR(CDCI3at25。C):δ7.71(d,Ar-H),7.57-7.54(m,
Ar-H),7.30(br,trans-CH=CH-),4.51(s,ferrocenyl-H),4.31(s,ferrocenyl-H),4.19(s,
ferrocenyl-H),2.06(br),1.24-1.09(m),0.82(t),0.69(br)ppm.Ihaddition,resonances
ascribedtoolefinicprotonsnexttoferrocenemoietieswereobservedatδ6.93(d),and
6.81(d)ppm,andresonancesascribedtoprotonsin3T(terthiophene)atδ7.05-7.00(m)
PPmwerealsoobserved.
「(PFV)2・3PV](C6F5)2.Yield:76.0%(run20,仏(NMR):8900,methodB).lHNMR
(CDCI3at250C):δ7.71(d,Ar-H),7.57-7.54(m,Ar-H),7.30(br,trans-CH=CH-),
4.23-4.12(-OC坐C坐OSi[CH(CH3)2]30f3PV),2.06(br),1.24-1.09(m),0.82(t),0.69
(br)ppm.
[(PFV)2'3PV1(Fc)2.Yield:71.0%(run21,仏(NMR):9000,methodB).lHNMR
(CDCI3at250C):δ7.71(d,Ar-H),7.57-7.54(m,Ar-H),7.30(br,trans-CH=CH-),
4.51(s,ferrocenyl-H),4.31(s,ferrocenyl-H),4.19(s,ferrocenyl-H),4.23-4.12
(-OC,1EZI2C,1i2r20Si[CH(CH3)2]30f3PV),2.06(br),1.24-1.09(m),0.82(t),0.69(br)ppm.
Inaddition,resonancesascribedtoolefinicprotonsnexttoferrocenemoietieswere
observedatδ6.93(d),and6.81(d)ppm.
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GeneralProcedureforAttachmentofPEG(byGraftingPEG).
IntoaTHFsolution(1.OmL)containing[(PFV)2・7PV1(4・OH・C6H4)20r[(PFV)2・3T](4・
OH・C6H4)2(each8.Omg)wasaddedKH(traceamount)inthedrybox.Themixture
wasthenstirredfbr3hatroomtemperature.Thesolutionwasfilteredandthefiltercake
waswashedwithTHF.IntotheTHFsolutioncontainingthereactionmixtu.rewasthen
addedPEGMs2(20mg,払=4600)inTHF(2mL),andthereactionmixturewasstirred
atroomtemperaturefbr2days.Thereactionsolventwasremovedinvacuo,andthe
residualproductwasdissolvedinminimumamountofchlorofbrmandwasthen
precipitatedbypouringintoacoldmethanoldropwiseandstirredfbradditionaltwo
hours.Theresultantpolymers(asmethanolinsoluble丘action)werethencollectedby
filtration.Theprecipitates,collectedbyfiltrationweredriedinvacuo,affordingthe
yellowamphiphilicblockcopolymers,[(PFV)2・7PV1[4・0(PEG)・C6H4]20r[(PFV)2・
3T1[4・0(PEG)・C6H412respectively.
[(PFV)2・7PV1[4・0(PEG)・C6H412.Yield75%.lH-NMR(CDCI3):δ7.71(d,Ar-H),
7.57-7.54(m,Ar-H),7.30(br,trans-CH=CH-),4.23-4.12(-OC坐C坐OSi[CH(CH3)2]3
0f7PV),3.65(br,PEG),2.06(br),1.24-1.09(m),0.82(t),0.69(br)ppm.払(NMR):
32,400.
[(PFV)2・3T1[4・0(PEG)・C6H412.Yield60%.lH-NMR(CDCI3):δ7.71(d,Ar-H),
7.57-7.54(m,Ar-H),7.30(br,trans-CH=CH-),3.65(br,PEG),2.06(br),1.24-1.09
(m),0.82(t),0.69(br)ppm.払(NMR):28,900.
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34.ResultsandDiscussion
34-1.PreciseSynthesisofEnd-FunctionalizedTriblockCopolymers
Forthesynthesisoffullyconjugatedblockcopolymerswithwell-definedendgroups,
twoapproacheshavebeenconsidered.Incomparisontoalreadyestablishedstrategylg
f()rblockcopolymerssynthesis,thedevelopmentofapreciseone-potstrategyfbrthe
constructionoffullyconjugatedfUnctionalizedblockcopolymerswouldpresenta
significantadvance.Poly(9,9-di-n-octylfluorene-2,7-vinylene)s(PFVs)preparedbythe
ADMETpolymerizationusingRucatalystl8・19havebeenchosen,becausetheresultant
polymersnotonlypossesswell-definedchainendsasvinylgroup,highmolecular
weightswithuniformmolecularweightdistributions,butalsopossesseddefect-free
natureduetohighstereo-regularity(all-trans).Anexclusiveend-functionalizationcan
thusbeachievedbytreatingthewell-definedchainends(vinylgroups)inPFVsigwith
Mo-alkylidene(Mocat.)fbllowedbyWittig-typecleavagewithaldehyde.19・24・27
Inthisstudy,PFVssampleswithvariousMnvalues(withuniformmolecularweight
distributions,showninTable2)werepreparedbyvaryingthereactiontimeandthe
subsequentfractionalseparation[showninexperimentalsection]igdwiththepurposeof
exploringtheeffectofconjugationlength,repeatunitstowardtheopticalproperties.
AsshowninScheme2,theinitialapproach(methodA)fbrthesynthesisoffUlly
corU'ugatedblockcopolymersinvolvedtreatmentofthevinylgroupsinthePFVs'chain
endswithMo(CHCMe2Ph)(N-2,6-Me2C6H3)[OCMe(CF3)2]2(Mocat.,5equiv)toaffbrd
the"bis-alkylidene"speciesinsitu.19SinceinthereactionmixtureexcessMocat.
remained,the"bis-alkylidene"specieswereisolatedbywashingwithcoldn-hexaneas
theMocatalystishighlysolubleinn-hexane.Then,adichloromethanesolution
containingO.5equivofbisaldehyde[7PVCHOor3T(CHO)2]wasaddedintothe
toluenesolutioncontainingthe``bis-alkylidene"species.Thesubsequentadditionof
excessamountofaldehyde(ArCHOasend-fUnctionalgroup)affbrdedend-
fUnctionalizedtriblockcopolymers,expressedas[(PFV)2・7PVlAr20r[(PFV)2・3T]Ar2
[Ar=C6H5,C6F5,4・Me3SiO-C6H4,terthiophene(3T),ferrocene(Fc),bipyridyl(bpy),
showninScheme2],inmoderatetohighyields(38-89%onthebasisofPFVs,Table2,
runsl-9,14-18,22-24),whichwereisolatedsimplybypouringthereactionmixture
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intomethanol,andlaterwerepurifiedbyfractionalprecipitation(chlorofbrmand
methanol).
OHC-(=)-CHO
㊥ …(ex・ess)
Mo
RR旨
n-1XX/
i)Mocat(2.5equiv)
withthevinytgrouρ甑
4-Me3SiO-C6H4CHOetc.
ExclusiyeEnda-Functionalization
br〃7緬9一卯8(]oupling
(withexcess・4rCHの
? 亟一
Scheme2.Twoapproachesfbrsynthesisofend-fUnctionalizedtriblockconjugated
copolymersadoptedinthisstudy.
Sincetheabovemethod(methodA)requirespurificationstepof``bis-alkylidene"
speciesbywashingwithcoldn-hexaneduetoexcessamountofadditionofMocat.,
anotherapproach(expressedasmethodB)hasbeenchosentoexploreapossil)ilityof
facile``one-pot"procedurefbrthesynthesisofend-fUnctionalizedconjugatedblock
copolymers.InthiscontextitisimportanttonotethatPFVisacondensationpolymer
resultingfromsteppolymerization[acyclicdienemetathesispolymerization(ADMET)]
of2,7-divinyl-9,9-di-n-octylfluorene.Thepolydispersityindex[一ルfw/Mn]ofPFVis
generallyaround2.0.Thatmeans,itcontainsamixtureofoligomerandpolymerchains
ofdifferentmolecularweights.So,theexactmolecularweightofthepolymerisnot
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known,however,fromtheanalysisofGPCandNMRspectra,thenumberaverage
molecularweight(Mn)ofPFVwascalculated(Table2).
ThevinylgroupsinthePFVs'chainends[払(calcd)=5050,Mw/払=1.79,fbr
example,inthecaseofrunno.10-13,andl9,Table2]weretreatedwithMocat.(1.8
equivtoPFV)toaffbrdthe"bis-alkylidene"speciescontaining``mono-alkylidene"
speciesinsitu[asaprecaution,2.OequivalentofMocat.wasnotadded;theequivalent
amountofMocat.wasdeterminedonthebasisofthenumberaveragemolecularweight
(払)ofPFV,sothereshouldnotbeanyexcesscatalystinthereactionsystem(justin
case)bef()rereactingwithbis-aldehydeasthereactivityofMo-alkylideneisveryhigh
withthealdehyde].Intothereactionmixturecontainingboth"bis-,andmono-
alkylidenes"wasthenaddedadichloromethanesolutioncontainingO.5equivofbis-
aldehyde[OPVCHO(3PVCHO,7PVCHO)or3T(CHO)2].Intotheresultantreaction
mixturewasthenaddedatoluenesolutioncontainingMocat(2.5equiv.)tocomplete
theolefinmetathesiswiththevinylgroupsinthePFVchainends[atthispointMocat.
wasaddedagainjusttomakesurethatnointactvinylgroupsremainedinthepolymers,
Scheme2].Finally,thesubsequentadditionofexcessamountofaldehyde(ArCHOas
end-fUnctionalgroup)affbrdedend-fUnctionalizedfUllycorU'ugatedtriblockcopolymers,
expressedas[(PFV)2・3PVIAr2,[(PFV)2・7PVIAr20r[(PFV)2・3T]Ar2[Ar=C6H5,C6F5,
terthiophene(3T),ferrocene(Fc),showninScheme2],inhighyields(70-88%onthe
basisofPFVs,Table2,runslO-13,19-21,25),whichwereisolatedsimplybypouring
thereactionmixtureintomethanol,andafterwards(similartomethodA)werepurified
by倉actionalprecipitation(chloro飴㎜andmethanol).Bothmethodologiesthusallowed
averysimple,andcostandtimeeffectiveisolationprocesstoaffordblockcopolymers
inhighchemicalpurity.
TheresultantblockcopolymerssynthesizedbybothmethodsAandB,possessed
uniformmolecularweightdistributions(methodA:M./払=1.14-1.36,andmethodB:
M./払=1.33-1.63,Table2).Expectedly,theinitialGPCmeasurementsoftheproducts
showedhigher払values[expressedas払(Gpc)inTable2]thantheestimatedones
[expressedasルtn(calcd.)inTable2].Itiswellknownthatmolecularweightsdetermined
relativetopolystyrenestandardsareoverestimatedfbrcor巾gatedpolymers,becausethe
lattertendtoadoptarigid-rodratherthanarandomcoilconformation.29
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Table2.SynthesisofTriblockCopolymerswithWell-DefinedEndFunctionalGroups.
run polymers PFVαmethodpolymeryield召
払(GPc)わ払(calcd)AorB払(GPc)わ払(calcd)c払(NMR)dル畠/払 わ/%
1
2
3
4
5
6
7
8
9
10
ll
12
13
[(PFV)2/7PV](C6H5)2
[(PFV)2・7PV](C6F5)2
[(PFV)2・7PV](4・OSiMe3・C6H4)2
[(PFV)2'7PV](3T)2
[(PFV)2/7PV](Fc)2
[(PFV)2-7PV](C6H5)2
[(PFV)2・7PV](C6F5)2
7300ズ
7300ズ
7300ズ
7300プ
7300プ
4560
4560
4560
4560
4560
1400098750
1400098750
[(PFV)2・7PV](4-OSiMe3・C6H4)21400098750
[(PFV)2・7PV](bpy)2
[(PFV)2-7PV](C6H5)2
[(PFV)2・7PV](C6F5)2
[(PFV)2〆7PV1(3T)2
[(PFV)2・7PV](Fc)2
140009
8080h
8080h
8080h
8080h
8750
5050
5050
5050
5050
A
A
A
A
A
A
A
A
A
B
B
B
B
194001300012700
203001320012800
192001320012800
204001330013100
206001320012900
3340021300
3850021500
308 02150021700
3200021500
197001390012100
208001410012300
192001440012500
203001420012300
1.15
1.16
1.14
1.16
1.17
1.32
1.36
1.31
1.32
150
157
1.43
1.33
38
54
62
42
42
75
85
87
53
73
80
88
75
14
15
16
17
18
19
[(PFV)2-3T](C6H5)2
[(PFV)2・3T](4・OSiMe3-C6H4)2
[(PFV)2'3T](C6F5)2
[(PFV)2〆3T1(3T)2
[(PFV)2・3T1(Fc)2
[(PFV)2〆3T1(3T)2
7300ズ
7300ズ
7300ズ
7300ズ
7300ズ
8080h
4560
4560
4560
4560
4560
5050
A
A
A
A
A
B
176009500
198009600
188009600
160009800
188009700
1540010800
9400
9400
1.22
1.19
1.31
1.29
1.16
1.63
72
64
80
32
60
70
20
21
[(PFV)2・3PV](C6F5)2
[(PFV)2・3PV](Fc)2
6380i3990
6380i3ggoi
B
B
266009900
229009900
8900
9000
150
150
76
71
22
23
24
25
[(PFV)2-3T](C6H5)2
[(PFV)2・3T](4・OSiMe3-C6H4)2
[(PFV)2・3T](C6F5)2
[(PFV)2・3T1(Fc)2
1400098750
1400098750
1400098750
1400098750
A
A
A
B
2630017800
233001800018200
2390018000
265001800018300
1.19
1.16
1.15
1.39
73
78
89
82α
PFV(vinylgroupchainend)employedfbrthesyntheses.わGPCdatainTHFvspolystyreneご
standards.Calculatedonthebasisofmolarratio.dEstimatedbytheintegrationratio(middleandend
9,。up、).θ1、。 。t,dyi,ld!砿(G,c)-7300,砥/払一1.86,払(cal、d)一払(G,c)/1.6-4560(by,efe,ence、
18,29),仏(NMR)=4400(estimatedbytheintegrationwiththevinylgroupinthelHNMRspectrum).
gPFV(vinylgroupchainend):ハ4n(GPc)=14000,ル漏/払=1.60,」Vn(calcd)=ルfn(GPc)/1.6=8750,払(NMR)
=8800(estimatedbytheintegrationwiththevinylgroupinthelHNMRspectmm).hPFV(vinyl
groupchainend):ルtn(GPc)=8080,ルtw∠ルfn=1.79,.ル塩(calcd)=ルtn(GPc)/1.6=5050,」Vn(NMR)=4100
(estimatedbytheintegrationwiththevinylgroupinthelHNMRspectrum).iPFV(vinylgroupchain
end):払(Gpc)ニ6380,ル偏/払=1.99,払(calcd)=払(Gpc)/1.6ニ3990,払(NMR)=3500(estimatedbythe
integrationwiththevinylgroupinthelHNMRspectrum).
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lHNMRspectraclearlyshowedthatresonancesascribedtoprotonsofthevinyl
groups[at6.81(dd),5.81(d),and5.26(d)ppm]inthestartingPFVswerenotpresentin
thelHNMRspectraoftheproducts,28therebyconfirmingthattherewerenostarting
PFVcontaminationsintheblockcopolymers.Moreover,resonancesascribedtoprotons
inthemiddlesegment,especially3PVand7PV(at4.23-4.12ppm),wereclearly
observed.281ntegrationofresonancesofalkoxyprotonsof3PVor7PV(at4.23-4.12
ppm)andresonancesofaromaticprotonsofPFV(at7.71ppm),allowedtheMnvalues
[expressedasMn(NMR)inTable2]ofblockcopolymers「(PFV)2・3PVlAr2and「(PFV)2・
7PV]Ar2tobedetermined.
…S・短
Hb
PFV
Ar-H
7.71ppm
＼
Va/H・
R,ニーCU2CU20Si【CH(CH3)213
4.23-4.12ppm
曾
一〇SiMe3
/
9876543210
ChemicalShlft(ppm)
Figurel.IHNMRspectrum(inCDCI3at250C)f()r[(PFV)2・7PV](4'OSiMe3・C6H4)2(run3,
Mn(calcd)=13200,Mn(NMR)=12800,Mw∠Mn=1.14).
The仏(NMR)valuesof[(PFV)2・3TIAr2wereestimatedonthebasisofintegrationof
distinctresonancesoftheendfUnctionalgroups[Ar=4-Me3SiO-C6H4-(atO.31ppm),
andferrocene(Fc)(at4.51-4.19ppm)]withtheresonancesofaromaticprotonsofPFV
(at7.71ppm).Theルtn(calcd)ofblockcopolymerswasestimatedonthebasisofmolarratio
ofbuildingblocks[PFV×2+middlesegment(3PV,7PVor3T)+end-groups×2].It
isveryimportanttonotethattheestimated払valuesonthebasisofNMRspectra
(expressedas払(NMR)inTable2)werehighlyanalogoustothecalculatedvalues
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[expressedas払(calcd)inTable2].Alsoveryimportantly,the払valuesofblock
copolymerspreparedbymethodB(one-pot)areveryclosetothoseadoptedinmethod
A[fbrexample,払(NMR)=12100-12500(methodB,runno.10-13)vs払(NMR)=12700
-13100(methodA,runno.1-5),Table2].Theseresultsstronglysuggestthatexclusive
formationsof[(PFV)2'3PVIAr2,[(PFV)2'7PVIAr2,and[(PFV)2・3TIAr2havebeen
achievedbyadoptingbothmethodologies.Thelattermethodshouldbemorepromising
andusefu1,becausethetargetend-fUnctionalizedfullyconjugatedblockcopolymerscan
beeasilypreparedinone-potinaprecisemanner.
TheattractivefeatureinthisstudyisthatbothmethodologiesareveryusefUlfbr
controllingthemolecularweightsandchemicalcompositionoftheresultingcor巾gated
blockcopolymers(C-BCPs)withwell-definedendgroups.Forexample,themolecular
weightandrelativeblocklengthsoftheC-BCPcanbetailoredbyvaryingthemolecular
weightofthestartingPFVbuildingblock.Thus,highmolecularweightC-BCPs,
【(PFV)2-7PV】Ar2[ルtn(calcd.)=21300-21500,runno.6-9,Table2],and【(PFV)2-3T】Ar2
[Mn(calcd.)=17800-18000,runno.22-24,Table2]weresynthesizedsimplybyusinghigh
molecularweightstartingPFV[Mn(calcd.)=8750,Mn(NMR)=8800].Bothstrategies
allowedanunprecedentedopportunitytoeasilymodifythechemicalstructureofthe
blockcopolymers.Ashasbeendemonstrated(Scheme2),themiddleblocksegment
(3PVor7PVor3T)canbevaried,andavarietyoffUnctionalgroups[Ar=C6H5,C6F5,
4'Me3SiO・C6H4,terthiophene(3T),ferrocene(Fc),andbipyridyl(bpy)],canbe
introducedatthepolymerchainendswithwell-definedblockcopolymersbeingobtained
ineachcase.Theinherentversatilityinthissyntheticapproachthenallowsthephysical
propertiesoftheblockcopolymerstobetailored.
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34・2.SynthesisofAmphiphilicMulti・BlockCopolymersbyGrafting
PEGSegmenttotheConjugatedBackbone.
TheresultantblockcopolymerscontainingphenolmoietyprotectedasSiMe3groupin
thechainends,[(PFV)2'7PV1(4'OSiMe3'C6H4)2,[(PFV)2'3T1(4・OSiMe3・C6H4)2,were
treatedwithHCIaq.toaffbrd[(PFV)2・7PV](4・OH・C6H4)2,[(PFV)2・3T1(4・OH・C6H4)2
inhighyields(70and85%).NosignificantchangesintheMnvalues(byGPC
measurement,NMRanalysis)aswellasMw/Mnvalues(byGPCmeasurement)wereseen
befbre/aftertheprocedure.TheOHgroupsinthePFVchainendswerethentreatedwith
KHinTHF,andthesubsequentreactionwithmesylatedpoly(ethyleneglycol)(PEGMs2,
Mn=4600,purchasedfromAldrichCo.,Ltd.)19a・24a・dgaveABCBAtypeamphiphilic
blockcopolymersingoodyields(60-75%Scheme3).
Theresultantcopolymerspossesseduni鉛㎜molecularweightdistributions(Mw/払=
1.13-1.20);thecopolymerswereidenti且edbylHNMRspectra,28andconfirmedthatno
residualPEGwasseeninGPCtracesfbrtheisolatedpolymer(s).Notethattheルtnvalues
intheresultantblockcopolymersestimatedbasedontheintegrationratioswith
methyleneprotons(at3.65ppm)ofthePEGsegmentwiththeresonanceofaromatic
protonsinPFV(at7.71ppm)[Figure2]wereveryclosetothecalculatedvalues(Table
3).Thesefactsclearlyindicatethatfacile,ef丘cientattachmentsofapseudophenol
terminusonthePFVtoPEGMs2[MsO(CH2CH20)nMs,Ms=MeSO2],couldbe
achievedinaprecisemannerbyadoptingthepresent`graftingto'approach.No
remarkabledifferenceswereseenintheirUV-vis,fluorescentspectra(absorptionbands,
peakmaxima)befbre/afterthePEGattachment.Importantpointofallisthattheseresults
stronglydemonstratethattheend-functionalization(ガ」PFVcha ne加ls,reactionwiththe
middlesegments,andsuhsequentgrafting(ゾーPEGtookplaceexclusivのinallcases.
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Scheme3.Synthesisofamphiphilicblockcopo卿2α管勿 α'オc伽 θ刀'(ゾPEG(bygrafting
PEG).
Table3.SynthesisofAmphiphilicBlockCopolymersbyGraftingPEG.a
run polymers Mn(GPC)bMn(、al、d)cMn(NMR)dMw/ハfnわyieldθ/%
?
?
?
[(PFV)2・7PV](4・OSiMe3・C6H4)2
[(PFV)2・7PV](4・ノOH・C6H4)2
[(PFv)2・7Pv][4・o(PEG)・c6H4]2
30800
32300
30200
21500
21400
30500
21700
32400
1.31
1.33
1.20
??
《
」
《
」
?
?
?ー
?」
?
?
?
??
??
??
[(PFV)2・3T](4・OSiMe3・C6H4)2
[(PFV)2・3T](4・OH・C6H4)2
[(PFV)2'3T][4・0(PEG)・C6H4]2
23300
22900
22700
18000
18100
27100
18200
28900
1.16
1.29
1.13
?
?
?
?ー
?ー
??
"S
yntheticconditions,seeScheme2,PEG(Ms)2:Mn=4600.℃PCdatainTHFvs
polystyrenestandards.℃alculatedonthebasisofmolarratio.dEstimatedbythe
integrationratio.elsolatedyield.
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M・(・T).P◎N
7.57.06.56.05.55.04.54.03.53.02.52.01.51.00.50
ChemicalShift(ppm)*Impurity
Figure2.IHNMRspectrum(inCDCI3at250C)fbr[(PFV)2-3T][4-O(PEG)-C6H4]2(run29,
一ルfn(calcd)=27100,一ルfn(NMR)=28900,Mw/ルfn=1.13).
Thusithasbeenshownthatafacile,efficientsynthesisofABCBAtypeamphiphilic
blockcopolymershasbeenestablishedinaprecisemanner(asarareexample)by
attachmentofPEGintothebothchainendsoftheall-trans,defect-free,highmolecular
weightPFVs.Formationofregularone-dimensionalconJ●ugatedstructuresonthe
nanoscaleshouldbethusexpectedbyexploitingthespecificassemblingpropertiesof
rod-coilblockcopolymers,andthecontroloftheblocklengthsviasynthesisopensthe
waytofinetuningthelateraldimensionsofthesenanostructures.Thepresentapproach
shouldofferunique,importantmethodologyforprecisesynthesisofendfunctionalized
blockconj'ugatedpolymersfbrtargeteddevicematerialsaswellassynthesisofvarious
blockcopolymerscontainingconjugatedpolymerfragments.
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3-4/3.UV!visandFluorescenceSpectraoftheEnd/Functionalized
Multi・BlockCopolymers:EffectofConjugationLength,MiddleBlock
Segment,andEndFunctionalGroups。
Figure3showsUV-visspectra(inTHFat250C,conc.1.0×10'7M)fbr[(PFV)2・
7PV1(Ar)2withdifferentmolecularweights(corU'ugationrepeatunits).Theabsorption
spectraoftheblockcopolymersarealmostthesameasthatofPFVindicatingthat
introductionofmiddlesegment(7PV)doesnotdisturbthecoplanaritybetweenthe
fluoreneandvinyleneunits,andthusPFVand「(PFV)2・7PV](Ar)2havealmostthesame
π一π*bandgap[Figure3a].Asreportedpreviously,18b・30thespectrafbrPFVdisplaystwo
absorptionbandsat455,427(and400)nm,thatcanbeascribedtoπ一π*transitions(0-0,
0-1,andO-2transitions,respectively)ofthecorU'ugatedbackbone[Figure3a].18b・30The
absorptionmaximavalue(λmax)of7PVCHOis459nm,27veryclosetothatofPFV(455
nm).Nosignificantdifferencesinthespectra(includingλmaxvalues,summarizedin
Table4)wereobservedbyvaryingtheendfUnctionalgroupsaswellasevenwiththe
PFVbefbremodification,18andthisisasimilarobservationtothoseinthePFVs
containingoligo(thiophene)analoguesatthechainends.19b
」
??」?
?
?
?
?
??
??
、?
3.0
[(PFV)2-7PV】Ar2
Mn(calcd)=13000-13300
2.OMn〔NMR)=12700-13100
MwlMn=1.14-1.17
StartingPFV
1.OMr1(calcd)=4560
Mn(NMR}=4400
MwlMn=1.86
(a)
[(PFV)2-7PV](C6F5)2
[(PFV)2-7PV](C6Hs)2
【(PFV)2-7PV](Fc)2
[(PFV)2-7PV](3T>2
/
6.0
??
??
」
??」
?
?
?
?
?
?
?
??
?
、
?
300400500300400500
WavelengthlnmWavelengthlnm
Figure3.UV-visspectra(inTHFat250C,conc.1.0×10-7M)fbr[(PFV)2・7PV1(Ar)2
withdifferentmolecularweights(conJ'ugationrepeatunit).
ThefactthatendfUnctionalgroupshavelittleeffectontheabsorptionmaximaofthe
blockcopolymersisnotsurprising,giventhatendgroupsarepresentatrelativelylow
concentrationwhencomparedtodominantPFVconjugatedbackbone.However,the
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effectof3Tin【(PFV)2-7PV1(3T)2canclearlybeseenattheonsetabsorption[Figure
3a][Theλmaxof3Titselfis354nm].24f
Incontrast,theabsorbanceintheλmaxvalueincreaseduponincreasingthe/lfnvalues.31
Thisisduetothatthesampleswithlowmolecularweights(showninFigure3a)contain
polymers/oligomerswithlessthaneffc)ctivecor巾gationlength[estimatednumberof
each9,9-di一刀一〇ctylfluorene-2,7-vinylene(FV)repeatunitsareca.ll(samplesfbr
ルtn(NMR)=12700-13100,払(calcd)=13000-13300,ルtn(calcd)ofstartingPFV=4560,runs
l-5),21(払(calcd)=21300-21500,払(calcd)ofstartingPFV=8750,runs6-9),
respectively].31[(PFV)2・3PV1(Ar)2alsoshowedsimilarabsorptionbehavior(inTHFat
250C,conc.1.0×10-7M)(Figure4a).However,theabsorbancein[(PFV)2・3PV1(Fc)2,
[(PFV)2・3PV](C6F5)2werelowerthanthosein[(PFV)2・7PV1(Fc)2,[(PFV)2・
7PV1(C6F5)2evenwithlowmolecularweightsamples.Thisisprobablyduetothefact
thattheルtnvalues(corり'ugationrepeatunit)ofPFVsamples[払(calcd)=3990]fbr
preparationof[(PFV)2・3PV1(Ar)2(nlns20,21,Table2)werelowerthanthose[払(calcd)
ofstartingPFV=4560]31fbrpreparationof[(PFV)2・7PV1(Ar)2(runs2,5).
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[(PFV)2-7PV】(C6F5)2
[(PFV)2-7PV】(C6H5)2
Mn(calcd):21300-21500
[(PFV)2-7PV】(Fc)2
[(PFV)2-7PV】(C6H5)2
M・(cal・d):13000-1330017
Mn(NMR):12700-13100
[(PFV)2-3T】(C6F5)2
[(PFV)2-3T】(C6Hs)2
=一」4.0[(PFv)2-3T】(Fc)2
毛M・ ・cal・d・=17800-18000
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[(PFV)2-3T】(C6H5)2
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Figure4.UV-visspectra(inTHFat250C,conc.1.0×10-7M)fbr[(PFV)2-7PV1(Ar)2,
[(PFV)2・3PV](Ar)2,and[(PFV)2'3T](Ar)2withdifferentmolecularweights.
Figure4bshowsUV-visspectra(inTHFat250C,conc.1.0×10'7M)fbr[(PFV)2・
3T1(IAr)2withdifferentmolecularweights(conjugationrepeatunits).Similarly,no
significantdifferencesinthespectra(includingλmaxvalues,summarizedinTable4)were
observedbyvaryingtheendfunctionalgroups,whereastheabsorbanceintheλmaxvalue
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increaseduponincreasingtheMnvalues.311tseemslikelythatthemolarextinction
coef丘cientsof[(PFV)2・3T1(Ar)2aresomewhatlowerthanthosein[(PFV)2'7PV](Ar)2,
althoughthereasonisnotclearatthismoment.32
Figure5showsfluorescencespectrafbr【(PFV)2-7PV1(Ar)2and【(PFV)2-3T1(Ar)2
(inTHFat250C,excitationat450nm)withratherlowmolecularweightsamples[run
no.1-5(Mn(cacld.)=13000-13300),andrunno.14-18(Mn(cacld)=9500-9800)
respectively].Asreportedpreviously,18b・30thecorrespondingemissionpeaksof
two/threeabsorptionbandsintheUV-visspectra[at455,427(and400)nm,thatcanbe
ascribedtoπ一π*transitions(0-0,0-1,andO-2transitions,respectively)]wereobserved
at466,497,and530nminthefluorescencespectra.Table4summarizesselectedλmax
valuesandphotoluminescencequantumyield(φpL)inTHF(excitationwavelengthat
450nm).
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[(PFV)2-7PV](Fc)2
A"n(NMR)ニ12700-13100
ん4n(calcd)=13000-13300
ん4wlMnニ1.14-1.17
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Figure5.Fluorescencespectrafbrl(PFV)2-7PV](Ar)2(left),and【(PFV)2-3T】(Ar)2
(right)(inTHFat250C,excitationat450nm,measuredunderabsorbanceatO.1,with
ratherlowmolecularweightsamples).
Ittumedoutthat-C6H5,-C6F5,and4-OSiMe3-C6H4functionalend-groups
containingblockcopolymers,【(PFV)2-7PV1(Ar,)2and【(PFV)2-3T1(Ar,)2(Ar'=C6H5,
C6F5,4-OSiMe3-C6H4)showedsimilaremissionbehavior(boththeλmaxvaluesand
ratiosintheirintensitiesatca.466,497,530nm)(Figure5,Table4).Theobservationis
somewhatsimilartothoseobservedinthePFVsreportedpreviously[asaneffectofend
groupsexceptoligo(thiophene)s,chromophores].19a-cIncontrast,thespectrumof
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【(PFV)2-7PV1(3T)2[run4,(Mn(cacld.)=13300,Mn(NMR)=13100,Mw/Mn=1.16]showed
anapparentdifferencefromtheothersintheintensitiesat497nmand527nmthatwould
beattributedtoanenergytransferfromthePFVmainchaintotheoligo(thiophene)[in
accordancewithpreviousreport].19b・331mportantly,theuniqueemissions,observedin
【(PFV)2-7PV】(3T)2(Figure5a),werenotclearlyobservedinl(PFV)2-3T】(Ar,)2(by
placementofthreethiopheneunitintothemiddlesegment,Figure5b).Theseresults
wouldbeinterestingtonotebecausetheuniqueemission(duetoanenergytransfer)
couldonlybeobservedbyplacementof3TatthePFVchainend.Itwouldalsobe
assumedthatdegreeoftheuniqueenergytransferfromPFVtothechainends(3T)would
bedecreasedbyplacementof3Tasthemiddlesegmentin【(PFV)2-3T1(3T)2.
ItwasinterestingtonotethattheobservedφpLvaluesin【(PFV)2-7PV1(Ar,)2
decreasedfromthestartingPFVitselfSincetheφpLvalueinthe7merofalkoxy一ρ一
phenylenevinyleneislowerthanPFV(φpL=0.62in7PVCHO),27wemaytakeinto
considerationthatthesedecreaseswouldbeduetoaninfluenceofthemiddlesegment.
TheφpLvaluesin【(PFV)2-3T】(Ar,)2values(φpL=0.65-0.68,Table4)werelowerthan
thosein【(PFV)2-7PV](Ar,)2(φpL=0.75-0.80,Table4).Moreover,anintroductionof
3TintothechainendsleadtoanotabledecreaseintheφpLvalue,asobservedinI(PFV)2-
7PV1(3T)2(φPL=0.53).Theobserveddecreasesinl(PFV)2-3T1(Ar,)2and【(PFV)2-
3T】(3T)2(Figure5b,Table4)wouldbethusconsideredasduetoaninfluenceofthe
middlesegment(Table4).SincetheφpLvaluein【(PFV)2-3T1(3T)2isclosetothatin
【(PFV)2-7PV】(3T)2,itisthussuggestedthattheeffectofchainendsshouldbemore
dominantthanthemiddlesegment.
Themoststrikingresultisthataplacementofferrocene(Fc)unitstothePFVchain
end,expressedas【(PFV)2-7PV1(Fc)20r【(PFV)2-3T1(Fc)2,causedadramaticquenching
ofphotoluminescence,accompaniedbythedecreasesinthephotoluminescencequantum
yields[Figure5,φpL=0.19(run5),0.20(runl8)].34・35AsshowninFigure6b,the
decreaseintheintensitiesandtheφpLvaluesin[(PFV)2・3T](Fc)2wereaffc)ctedbythe
PFVchainlength[φpL=0.20(nml8,ルtn(NMR)=9400,ルtn(calcd.)=9700)vsφpL=0.35
(run25,払(NMR)=18300,Mn(calcd.)=18000)].Therefbre,theobservedquenchingand
decreasesintheφpLvalueswouldbeduetoanexcitontransfertotheFcunits.34c・35
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Table4.SummaryofSelectedOpticalProperties.
run polymers 払(cal、d)・ルtn(NMR)わ
AbsorptioncFluorescenced
φPLe
λmax/nmλmax/nm
1 [(PFV)2'7PV](C6H5)213000 12700 427,455466,497,5300.80
2 [(PFV)2/7PV](C6F5)213200 12800 427,455466,497,5310.75
3[(PFV)2・7PV](4・OSiMe3・C6H4)213200 12800 427,455466,497,5300.79
4 [(PFV)2-7PV](3T)213300 13100 428,455466,497,5270.53
5 [(PFV)2'7PV](Fc)213200 12900 427,455466,497,5310.19
14 [(PFV)2・3T](C6H5)29500 427,454466,497,5300.68
15[(PFV)2-3T1(4'OSiMe3・C6H4)29600 9400 427,454466,497,5300.66
16 [(PFV)2/3T](C6F5)29600 427,455466,497,5310.65
17 [(PFV)2'3T](3T)29800 427,454466,497,5270.52
18 [(PFV)2・3T](Fc)2 9700 9400 427,455466,497,5330.20
25 [(PFV)2・3T](Fc)2 18000 18300 427,455466,497,5310.35
20 [(PFV)2〆3PV](C6F5)29900 8900 427,455466,499,5260.74
21 [(PFV)2・3PV](Fc)2 9900 9000 427,455466,499,5260.16
PFV 426,453466,497,5300.89
3PVCHO 432 506(sh),5400.83〆
7PVCHOプ 459 532 0.62
3T(CHO)ヂ 412 475(sh),494
℃alculatedonthebasisofmolarratio.bEstimatedbyNMRspectra.cByUV-vis
spectra(inTHF,conc.1.0×10'7M,at250C).dByfluorescencespectra(inTHFat250C).
ePhotoluminescencequantUmyield(φpL)inTHF(excitationwavelengthat450nm)at
250C.fCitedfromreference27.9Citedfromreference36.
Figures6a,bshowfluorescencespectrafbr[(PFV)2・7PV](Ar)2and[(PFV)2・
3T1(Ar)2(inTHFat250C,excitationat450nm)withvariousmolecularweightsamples
(PFVconjugationrepeatunits).Inthecaseof[(PFV)2'7PV]([Ar,)2,(Ar'=C6H5,C6F5,
4・OSiMe3・C6H4)[Figure6a,runno.6-9(Mn(cacld.)=21300-21500)vsrunno.1-5
(一ルtn(cacld。)=13000-13200),Table4],nosignificanteffectsofboththeendgroupsand
78
Chapter3
PFVconj.ugationrepeatunitstowardboththeλmaxvaluesandtheirintensities(including
ratiosintheirintensitiesatca.466,497,530nm)wereobserved.Similarbehaviorwas
alsoobservedinthecaseof[(PFV)2・3T1(Ar,)2(Ar,=C6H5,C6F5,4・OSiMe3・C6H4)
[Figure6b,runno.22-24(Mn(cacld.)=17800-18000)vsrunno.14-16(Mn(cacld.)=
9500-9600),Table4].Incontrast,asdescribedabove,bothemissionintensitiesand
photoluminescencequantumyieldswereaffectedbythePFVchainlengthin[(PFV)2・
3T1(Fc)2[runno.25,(一ルtn(cacld.)=18000)vsrunno.18(Mn(cacld.)=9700)](Figure6b).
?
。
??
?
(a) [(PFV)2-7PV](C6H5)2
[(PFV>2-7PV](4-OSiMe3-C6H4)2
[(PFV)-7PV](CF5)2
Mn(calcd).21300-21500(breakline)
13000-13200(solidline)
〉
??
?
?
↑?
?
(b》
?
??
? [(PFV)2-3T](4-OSiMe3-C6H4)2
[(PFV) -3T】(C6H5)2
[(PFV)-3T】(CF)
【(PFV)2-3T](Fc)2
A〃n(calcd).17800-18000(breakline)
9500-9700(solidline)
400500600400500600
WavelengthlnmWavelengthlnm
Figure6.Fluorescencespectra(inTHFat250C,excitationat450nm,measuredunder
absorbanceatO.1)fbr(a)[(PFV)2・7PV1(Ar)2(comparisonofvariousPFVcorU'ugation
length),(b)[(PFV)2-3T1(Ar)2((comparisonofvariousPFVconjugationlength).
Figure7ashowscomparisonoffluorescencespectra(inTHFat250C,excitationat
450nm)fbr[(PFV)2・3PV1(Ar)2and[(PFV)2・7PV1(Ar)2(Ar=C6F5,Fc)withlow
molecularweightsamples.AsobservedintheUV」visspectra(Figure4a),themolar
extinctionco-ef丘cientin[(PFV)2・7PV](Ar)2werehigherthanthosein[(PFV)2・
3Pv1(Ar)2,anddecreasesintheintensitiesandtheφPLvaluesin[(PFv)2'3Pv](Fc)2
weremoreapParentthanthosein[(PFV)2・7PV1(Fc)2.Slightincreasesintheintensities
atca.499and526nmin[(PFV)2'3PV1(Ar)2wouldbeprobablyduetoemissionsfrom
3PV[the3PVCHOitselfshowsemissionbandsat506,540nmwithφpL=0.83].27
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Figure7bshowsthecomparisonoffluorescencespectra(inTHFat250C,excitation
at450nm)fbr[(PFV)2'7PV1(4-OSiMe3・C6H4)2,[(PFV)2'7PV][4・0(PEG)-C6H4]2,
[(PFV)2・3T1(4・OSiMe3・C6H4)2,[(PFV)2・3T][]4・O(PEG)・C6H4]2,andPFV.Asstated
earlier,nosignificantdifferencesinthespectrawereobservedbetween[(PFV)2・7PV](4'
OSiMe3・C6H4)2and[(PFV)2・7PV1[4・0(PEG)'C6H412(befbre/aftergraftingtoPEG).
?
?
??
↑?
(a) [(PFV)2-7PV](C6F5)2
[(PFV)2-7PV】(Fc>2
八〃n(calcd):13200
(solidline)
[(PFV)2-3PV](CF)2
[(PFV)2-3PV】(Fc)2
Mn(calcd):9900
(breakline)
3PVCHO
〉?
??
↑?
(b)
[(PFV)2-3T](4-OSiMe3-C6H4)2
Mn(NMR}:18200(breakline)
[(PFV)2-3T](PEG)2
ル4n(NMR)・28900(solidline)
[(PFV)2-7PV](4-OSiMe3-C6H4)2
ルfn(NMR)・21700(breakline)
[(PFV)2-7PV](PEG)2
ルfn(NMR):32400(solidline)
PFV
Mn(NMR)・8,800(breakline)
400500600400500600
WavelengthlnmWavelengthlnm
Figure7.(a)comparisonof[(PFV)2・3PV](Ar)2with[(PFV)2・7PV](Ar)2[Ar=C6F5,
Fc],and(b)comparisonof[(PFV)2・7PV1(4・OSiMe3・C6H4)2,[(PFV)2・7PV1[4・
0(PEG)・C6H412,[(PFV)2'3T1(4・OSiMe3・C6H4)2,[(PFV)2・3T1[4'0(PEG)・C6H412,and
PFV.
Summarizingthespectroscopicresults,itcouldbestatedthatalltheblockcopolymers
[consistingofPFVsandoligo(2,5-dialkoxy-1,4-phenylenevinylene)orterthiophene
unitsasthemiddlesegment]synthesizedinthisstudy,showedsimilarabsorption
behaviorasthatofPFVindicatingsimilarπ一π*energybandgap.However,themolar
extinctioncoef丘cientsintheλmax(at455nm)valueincreasedwiththeincreaseinルtnof
thepolymers.Whilethesignificanteffectsoftheendgroupsontheabsorptionspectraof
polymerswerenotobserved,however,inthecaseofemissionspectra,dramaticeffects
couldbeobservedbyplacingterthiophene(3T),andespeciallyferrocene(Fc)atthe
polymerchainends.TheeffectofvaryingthePFVconjugationlengthcouldbeobserved
significantlyinthecaseof「(PFV)2・3T](Fc)2,wherethequenchingofemissionby
ferrocenemoietycouldberepelledinacertaindegreebyincreasingtheconjugation
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length.Themiddlesegment(7PVor3PVor3T)alsoplayedanimportantroleinthe
distinguishingemissionbehaviorsofend-functionalizedconjugatedblockcopolymers
3・5.Summary
Inconclusion,aprecise,onepotsynthesisofend-functionalizedmulti-block
conJ'ugatedpolymerscontainingPFVmainchainshavebeenaccomplishedbyadopting
olefinmetathesisandsubsequentWittigcoupling.Thiscanbeattainedduetoahigh
reactivityofmolybdenum-alkylidenespeciesformedinsitutowardthecorresponding
aldehyde:thequantitativeformationandtheend-fUnctionalizationcanbeconfirmedby
attachmentofPEG.Uniqueemissionpropertieswereobservedespeciallybyplacement
offerrocenemoietyatthechainends,andeffectofPFVchainlength,middlesegment
towardboththeintensityandthephotoluminescencequantumyield(φpL)havebeen
stUdied.Theseresultsshouldbehighlypromisingnotonlyintermsofprecisesynthesis,
butalsoofexploringeffectsofendgroups,conJ'ugationlengthandmiddlesegment.The
informationthroughthisstudyshouldbehighlypromisingforbetterdesignofmaterials
fbrthedesiredpurpose.
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M.;Nomura,K.ACS-MacroLett.2012,1,423.(d)Takamizu,K.;Inagaki,A.;Nomura,
K..ACSMacroLett.2013,2,980.
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(20)SelectedreviewsfbrADMETpolymerization,see:(a)Lehman,S.E.Jr.;
Wagener,K.B.InHandbook(ゾ ルfetathesis;Grubbs,R.H.Ed.;Wiley-VCH:Weinheim,
2003;Vol.3,p.283.(b)Baughman,T.W.;Wagener,K.B.In-Metathesis
Pol吻erization;Buchmeiser,M.R.Ed.;Springer:Heidelberg,2005;p.1.(c)Berda,E.
B.;Wagener,K.B.InPolymerScience:AComprehensiγeReference;Mat》 づaszewski,
K.,MUIIen,M.,Eds.;ElsevierBV:Amsterdam,2012;Vol.5,p.195.(d)Berda,E.B.;
Wagener,K.B.InSynthesis(～プPo卿ers∫NewStructuresandMethods;Schluter,D.;
Hawker,C.;Sakamosto,J.Eds.;Wiley-VCH:Weinhein,Germany,2012;p587.(e)
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(PPVs):Nomura,K.;Miyamoto,Y.;Morimoto,H.;Geerts,Y.」.Pol遡.Sci.,PartA.'
1)04〕ノ.Che〃2.2005,43,6166.
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polymerizationusingRuCl2(PCy3)(IMesH2)(CHPh)(Ru),Weychardt,H.;Plenio,H.
Organo〃zetallた52008,27,1479.
(23)Forexample,see:(a)Schrock,R.R.In.AlkeneMetathesis加Organic
Synthesis;Ftirstner,A,Ed.;Springer-Verlag:BerlinHeidelberg,1998;pl.(b)
Schrock,R.R.InMetathesisPolymerizationρプ01φ η8and1)olymerizationqプ、41勺ノnes;
Imamoglu,Y.Ed.;NATOASISeries,KluwerAcademicPublishers:1998;plandp
357.(c)Schrock,R.R.In刀 伽dbook(ゾMetathesis;Grubbs,R.H.Ed.;Wiley-VCH:
Weinheim,2003;vol.1,p.8.(d)Schrock,R.R.α θ〃1.Rθv.,2009,109,3211.
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(24)Forexamples(endfUnctionalizationofROMPpolymersandtheirapplication
f()rfUrthergrafting),see:(a)Nomura,K.;Takahashi,S.;Imanishi,Y.-Macromolecules
2001,34,4712.(b)Mu荘)hy,J.J.;Kawasaki,T.;F口jiki,M.;Nomura,K.ル1αcromolecules
2005,38,1075.(c)Murphy,J.J.;Nomura,K.α θ〃z.Commun.2005,4080.(d)Murphy,
J.J.;Furusho,H.;Paton,R.M.;Nomura,K.Chem.Eur.■.2007,13,8985.(e)Nomura,
K.;Abdellatif,M.M.Polymer2010,51,1861.(f)Takamizu,K.;Nomura,K.」.Am.
Che〃z.Soc.2012,134,7892.
(25)(a)Theresultswerepartlyintroducedat20thlnternationalSγmρosiumonOle77n
MetathesisandRelatedChemist7y(ISOMXX,July,2013,Nara,Japan).(b)Thisworkis
alreadypublished:Nomura,K.;Haque,T.;Onuma,T.;H司胸,F.;Asano,S.M.;Inagaki,
A.Macromolecules2013,46,9563.
(26)Schrock,R.R.;Murdzek,J.S.;Bazan,G.C.;Robbins,J.;Dimare,M.;0'Regan,
M.B.■.Am.Chem.Soc.1990,112,3875.
(27)Abdellatif,M.M.;Nomura,K.Org.Lett.2013,15,1618.Synthesisofend
負mctionalizedoligo(2,5-dialkoxy-1,4-phenylenevinylene)sbycombinedolefin
metathesisandWittigcoupling.
(28)lHNMRspectra(inCDCI3at250C)ofpolymersareshownintheSupporting
Information.
(29)Asreportedpreviously,18・19thecalibrationwithpolystyrenestandardsoften
overestimatesthemolecularweightaveragesofrigidcor巾gatedpolymers.18a
Therefbre,GPCcurvesversusstnlcturallysimilarsolublePPP[poly(p-phenylene)]
standardswererecorded,18aandtheルtnvaluesofrodlikepolymersmeasuredversus
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polymerstandardsareoverestimatedbyafactorofl.6.Forarelatedarticleon
measuringMnand-Mw/払valuesbyPPPstandards,Marsitzky,D.;Brand,T.;Geerts,Y.;
Klapper,M.;MUIIen,K.Macromol.RapidCommun.1998,19,385.AlsoseeHoldcroft,
S.」.Polym.Sci.,PartB:Polym.1)1り～s.1991,29,1585.
(30)(a)Anuragudom,P.;Newaz,S.S.;Phanichphant,S.;Lee,T.R.-Macromolecules
2006,39,3494.(b)Liu,Q.;Liu,w.;Yao,B.;Tian,H.;xie,z.;Geng,Y.;wang,F.
Macro〃zolecules2007,40,1851.
(31)NumberofFV(9,9-di-n-octylf[uorene-2,7-vinylene)repeatunitsestimatedon
thebasisofルtn(calcd)valuesareca.9.6[払(calcd)=3990],ll[払(calcd)=4560],12[払(calcd)
=5050]
,and21[ルtn(calcd)=8750],respectively.
(32)Oneprobablereasonwemaytakeintoconsideration[asexplanationoftherather
lowmolecularweightsamples,Mn(NMR)=12700-13100etc.]wouldbeduetoanincrease
inthecor巾gationunitsbyintroductionof7PV(7merofalkoxyrρ一phenylenevinylene)
unitscomparedto3T(threethiophenerepeatunit).However,itseemsdif臼cultto
considerthisexplanationfbrthecomparisonofhighermolecularweightsamples
[ルtn(calcd)=21300-215000rl7800-18000].Therefbre,thesewouldbeprobably
assumedasaneffectofmiddlesegment,althoughmoredetailedstudyshouldberequired
fbrthebetterexplanationtoclarifytheobserveddiffc)rence.
(33)Inreferencelgb,wedemonstratedthattheuniquefluorescencespectrainPFV
containing3Tatthechainends(PFV-3T)wouldbeascribedasduetoanenergytransfer
fromthePFVconJ.ugatedmainchaintotheoligo(thiophene)moieties[notdueto
aggregationofratherplanaroligo(thiophene)moieties],because(i)theintensitiesare
89
Chapter3
dependentuponthePFVchainlength(cor巾gationrepeatunits),(ii)noclearsolvent,
temperature,andexcitationwavelengthdependenceswereobserved,and(iii)PFV-3T
possesseslongerthefluorescencelifetimes(λem=530-609nminTHF)thantheothers.
(34)Effectofchargetransferinferrocene(Fc)-bearingoligo/poly-thiophenes,fbr
example,(a)Zhu,Y.;Wolf,M.0.■.Am.Chem.Soc.2000,122,10121.(b)Naka,K.;
Uemura,T.;Chujo,Y.-Macro〃iolecules2000,33,6965.(c)T.,Li;Curtis,M.David.;
Francis,A.H.Macromolecules2002,35,4628.
(35)Inreference34c,attachmentofFcunitstothepoly(3-butylthiophene)(P3BT)
chaincausedadramaticquenchingofphotoluminescenceindichloromethanesolution.
Thisphenomenonsuggeststhatchargetransfer(CT)occursbetweentheFcunitsandthe
corU●ugatedthiophenerings,inwhichFccandonateanelectronintothehalf」occupied
HOMOofthethiopheneaftertheelectronintheHOMOisexcitedintotheLUMO,thus
formingFc+andnegativelychargedthiophene.ChargerecombinationbetweentheFc+
ionandtheelectronsfヒomtheexcitedstateofthethiopheneleadstononluminescent
decayoftheinitiallyformedSlstate.However,F6rstertransfershouldalsobe
consideredasanotherpossibilityfbrthisquenching(refGoodall,D.M.;Roberts,D.R.
」.α θ〃z..Eぬc.1985,62,711),andthequantumyieldfbr且uorescencewilldecreaseby
excitontransfertotheFcunitsbecausetheexcitedFc*undergoesrapidintersystem
crossingtononradiativetripletstates.34c
(36)Anestopoulos,D.;Fakis,M.;Mousdis,G.;Giannetas,V.;Persephonis,P.
SyntheticMetals.2007,157,30.Inthisreference,theauthorsmeasuredUV-vis
absorptionandemissionspectraof3T(CHO)2indichloromethanesolution(1×10-3M).
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3・7.SupportingInformation
SelectedNMRspectrafbr[(PFV)2・7PV1(Ar)2,[(PFV)2・3PV1(Ar)2,and[(PFV)2・
3T1(Ar)2,[(PFv)2'7Pv1(PEG)2,and[(PFv)2'3T1(PEG)2.
、
? ＼
9 8 7 654
ChemicalShift(PPm)
3 2 1 0
FigureSl.lHNMRspectrum(inCDCI3at250C)fbr[(PFV)2・7PV](C6H5)2(runl,Mn(calcd)=
13000,Mn(NMR)=12700,一ルゑw/Mn=1.15).
9 8 7 654
ChemicalShift(ppm)
3 2 1 0
FigureS2.lHNMRspectrum(inCDCI3at250C)f()r[(PFV)2・7PV](C6F5)2(run2,Mn(calcd)=
13200,・Mn(NMR)=12800,一ルゑw/Mn=1.16).
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R=n-octyl
R'=CH2CH20SiiPr3
R'=-CU2CU20Si[CH(CH3)2]
*lmpurity
10 9 8 7 654
ChemicalShift(PPm)
3 2 1 0
FigureS3.iHNMRspectmm(inCDCI3at250C)fbr[(PFV)2・7PV](3T)2(run4,Mn(calcd)=
13300,Mn(NMR)=13100,一ルゑw/Mn=1.16).
??、?
?
?
?
R=n-octyl
R圏=CH2CH20Si1Pr3
9 8 7 654
ChemicalShift(PPm)
3 2
*lmpurity
1 0
FigureS4.iHNMRspectmm(inCDCI3at250C)fbr[(PFV)2・7PV](Fc)2(run5,-Mn(calcd)=
13200,Mn(NMR)=12900,-M./Mn=1.17).
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9 8 7 654
ChemicalShift(ppm)
3 2 1 0
FigureS5.IHNMRspectrum(inCDCI3at250C)fbr[(PFV)2・7PV](bpy)2(run9,払(calcd)=
21500,M./Mn=1.32).
10 9 8 7 654
ChemicalShift(ppm)
3 2 1 0
FigureS6.IHNMRspectrum(inCDCI3at250C)fbr[(PFV)2・3T](C6H5)2(run14,Mn(calcd)=
9500,ノlfw/Mn=1.22).
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9 8 7 654
ChemicalShift(ppm)
3 2 1 0
FigureS7.IHNMRspectrum(inCDCI3at250C)fbr[(PFV)2-3T](14-OSiMe3-C6H4)2(runl5,
-Mn(calcd)=9600,-Mn(NMR)=9400,Mw∠Mn=1.19).
9 8 7 654
ChemicalShifヒ(PPm)
3 2 1 0
FigureS8.iHNMRspectmm(inCDCI3at250C)fbr[(PFV)2・3T](C6F5)2(run16,Mn(calcd)=
9600,M./Mn=1.31).
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FigureS9.iHNMRspectmm(inCDCI3at250C)fbr[(PFV)2・3T](3T)2(run17,Mn(calcd)=
9800,M./Mn=1.29).
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R=n-octyI
*Impurity
*
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ChemicalShift(ppm)
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FigureSlO.iHNMRspectmm(inCDCI3at250C)fbr[(PFV)2・3T](Fc)2(run18,Mn(calcd)=
9700,.ルfn(NMR)=9400,.ルfw/Mn=1.16).
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FigureSll.iHNMRspectrum(inCDCI3at250C)fbr[(PFV)2・3PV](C6F5)2(run20,-Mn(calcd)=
9900,.ルfn(NMR)=8900,.ルfw/Mn=1.50).
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FigureSl2.iHNMRspectrum(inCDCl3at250C)fbr[(PFV)2-3PV](Fc)2(run21,M。(calcd)=
9900,.ルfn(NMR)=9000,.ルfw/Mn=1.50).
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Chapter4
PreciseSynthesisofStarShapePolymersContainingWell・
DefinedEndGroups.
Contents
4・1.
4・2.
4・3.
44.
4・5.
4・6.
4・7.
Abstract
Introduction
AimofThisStudy
Experimental
ResultsandDiscussion
Summary
ReferencesandNotes
SupPortingInformation
98
Chapter4
Abstract
Afacileone-potsynthesisofstarshapepolymerswithwell-definedendgroupshas
beenachievedbytheone-potmethodologyviaolefinmetathesisandsubsequentWittig-
typecoupling.Tris(formylphenyl)aminewasusedasacorefortheconstructionofthe
starpolymersandalsostar-blockcopolymers.Theopticalpropertiesofstarpolymers
werestudiedandcomparedwiththelinearpolymers.Thestar-blockcopolymersshows
promisesasoptoelectronicmaterialsbecauseoftheirwell-definedstructures,improved
physicalproperties(highsolubility,processability,andstability),anduniqueoptical
properties.Uniqueemissionpropertiesdependingonthemiddleblocksegmentandend
groups,especiallybyferrocenemoietiesatthechainends,wereobserved.
o
O
o
Buildingblocks:
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